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31m:e tIll:: ftnl j'cpUrl~ uf high j'e~ululiun microwave 
spectra more than thirty years ago, the microwave spectra 
of hundreds of molecules have heen examined. By far the 
most common aim of these studies has been the determina-
tion of geometrical structural parameters-internuclear 
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distances and angJes and nuclear conformations-by 
analysis of molecular rotational constants. At the same 
time, precision uv-visible, infrared, and Haman spectro-
scopy have yielded valuable structural results on relatively 
small molecules, and more recently molecular beam 
reasommce methods have played a small but important 
role. This report is a critical evaluation and compilation 
of gas-phase structural data for polyatomic molecules 
determined by these techniques. The literature surveyed 
in this work covers largely the time period from the late 
1940's through 1976 and approximately half-way into 1977. 
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TII(' ni t icaJ td~k tiC ~1I pphiJi~ ,1\(' f1CCC'l:'S,I1'V Liblir,graphic 
SllpP(lrt lJ:lc iJCl'lI performed by tite\alluLlul Bureau of 
St[lll.!ank nlthOllgh the Londolt-niirnstein tables [1. 2]1 
h:we ,dsu Lleen useful in .iocating pertinent literature. We 
have trieJ. [,1 il~clLlde in this survey an polyatomic molecules 
fOT which reliabJe structuraJ datil. arc available for the 
grmll1d electronic Slate from spectroscopic studies. Omis-
sions have surely occurred, but it is hoped that they have 
been held to a minimum. 
In the early stages of l~is project, it had been planned 
to il~chlde diatomic molecules as well as polyatomics. Sub-
sequently, several factors led to t;1f. om!ssio:l of this p:'lase 
of the evaluation. First, Lovas and Tiemann [3J ha'I'E~ re-
cently publi~hed a critical review of thc spectfill data of 
all those diatomic molecules studied by microwave tech-
niques up to 197-1. Seeomlly, Herzberg and Huber [fl·J 
have near completion 11 comprehensive review of diatomic 
molecules which will up-Io-date the spectral and molecubr 
properties presented in I be earlier tables of Herzberg [S J. 
Since diatomic molecules are of funclamental importalJce 
a::; lht:: l:ol"nerslUnc of slruclural elielIli::;lry, lilld O[tell 
provide an important point of comparison for pol ya tmn ic 
molecules, a selection of diatomic distances has J)(~ell j 11-
eluded in an Append:x to this work. In order' :i:al nearly 
all microwave structures might bc available in a 5iJl~k 
SO:lrce, the A?pendix includes 2.11 those molecll !es reviewed 
by Lovas and Tiemann [3]. Other molecules helVe hrcll 
selected for inclusion primarily on the basis of llteir role 
as prototypes for the structural units t)r polY,1tnrni!: llJole-
cules. 
Previous comp: lations containi:1g gas-phase ~t rll(:t :11'<11 
data of polyatomic molecules include the tables by :;iullon 
[6:, Appendix VIII of Gord,\ and Cook [7J, 31:d Appcl\(:ix 
VI of Heno:berg [8J. The most recent compilation is tklt 
of Callomol1 <?t al, C2] covering 6.ts-pha3e sp,'clrosc<>pic 
and diffraction data. For diatomic molecules, in addition 
to the sources mentioned in the previous paragraph, 
struclural data have been compiled ;l)' Hosen [9J anJ. have 
also appeared III the .IAl\iAl< Thermochemical Tables [10 J. 
The primary aim of the presenl ,\-ork is the critical 
evaluation and compilation of reliable structural data 
according to a set of relatively well-defined guidelines. The 
evaluation procedure is described in more detail in subse-
quent sections, but in general it results in Ihe inclusion of 
o:d)' those stn:ctural results that are reliauly determined by 
experimental data and are free of assumptions, intuition, 
and analogy, For the most part, this means t"nat only those 
poly atomic molecules for whieh more than one i::otopic 
species has heen studied are included. Exceptions inclurlF: 
Cases for which unambiguous and non-trivial conforma-
tional information could bl; obtained from a study of only 
one species. 
A second important aspect of thl; work is that every 
distance or angle reported has been classified according to 
a consistent set of operational definitions of the methods of 
analysis by 'which thc parameters werc obtained. These 
ddilliliolls (1'", 1'0' etc.) are described ill detail in the 
11'1"11'" III II.w~.,·:, in.I;!:al!" lill'r"Jrlrl: n:t.'n'r.ccs .tf Ihe cnLl ofscctiQIl 5. 
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fullm,ing section. Unecrtainties i)l the reported parameters 
have been reassessed by the revie,\'ers alld reported 
according \0 R conf;istent sclw,me. Fin'llly, when it rl"prearerl 
to be necessary, distances and angles have been recalcu-
bted from the reported rotational COl1~tallls or from the 
spectra. Because there are many possible slight variations 
in metbods of analysis, reported parameters werc replaced 
by recalculated ones only whell the two sets differed by 
amount~ ou tside the ·estimated ullcertainties. 
The format for the presentatioll o~ the strllctural data 
hilS been chosen for clarity and simplicity. Distances have 
been reported in X. (100 pm) units with no more than 
thrf(' decimal digits, This choice is a result of the facl that, 
exerpl for a rel:lliydy'small lIumber of polyatomic mole-
cllks, ('xperimfnlal and mGdel errors lead to phy;:icall.y 
mt'aJ1il1~less Ilumbers beyond 0.001 .t For angles, reporter! 
ill degrecs. only one dec:mal digit has been listed. Paramo 
('1('1' IIllcerlainlies have been indieated by a letter rating 
(lI, B ... ) which defines a range of ullcertainty. This 
,"cheme was chosen not only for simplicity and clarity, but 
also 10 discourage users from placing an unrealistic 
fmphasis llpon minor variat'ions in parameters, or an undue 
rdiaJJce upon ,a precise lIncertainty. As described below, 
l11c lIl:eertainties ill struclural parameters for the 
majority of polyatomic molecules are dominated by rota-
tion-vibration interaction:; which can be estimated only 
within certain narrow ranges. 
III the next section the various operational definitions of 
distmlc(', and [Ingles are gin'n. Following this, the method 
of assessing ullcertltinties is described, and a discussion of 
t 11(' general evaluation prf)cedures is presented. As a fmal 
prologue, a brief description i~ given of the format, COIl tent, 
~llld organizalion of the tabulnted data. 
2. DeflnitiDn5 Df Structural Paramefers 
Tile' Hamiltonian used to <lnalyze the rot!.<tional spectra 
of mn" I mnleellles COl1si£ts of "ome collection of the 
f(lllo .... in'" trrms: 
::lCn + 3en + ;:ICQ + 3CI + JCm (1) 
ill whic:h :il'n is Ilw rigid rotator Hamiltonian, :JCD is the 
cOJltributiOl: I'rnrn c'~IJ\ri:llgal distortion, :-rCQ describes the 
Iluclrar quadrupole interaction, 3e] contains the internal 
rotalioc] ellel'g;y, and ;ILlll describes the interaction of 
internal and ovc>rall rotation. For purposesof distance and 
angk determinatj"n tIlE' most important part of (1) is 3Cn; 
(2) 
in ,,-hich Ju: J/, nnd Jc n1'0 compoJl('nts of the rotntionul 
,mgular momentum in the directions of the molecule-fixed 
G, b, awl c principal inertial axes, aud A, E, and Care 
rotational constants, The forms of JCD, 3CQ, JC!, :-tCm, and 
any other possible contributions to the Hamiltonian will 
not be discussed here; it \,'ill be assumed that thev have 
heen properly accounted foJ' in cach study. Wher~ there 
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was question as to whether this was in fact the case, the 
reviewer either reanalyzed the spectra or omitted the 
molecule from the compilation. 
The rotational constaJ1t~ depcnd on the vibrational state 
of the molecules. For molecules for wh ieh all the vibrat ions 
are harmonic or nearly so, the dependence on vibrational 
state quantum numbers is as follows: 
where 0';., (A) is a vibration-rotation parameter, and Vk and dk 
are the vibrational quantum !lumber and the degeneracy of 
the kth vibrational mode, respectively; c' 5tande; for 
Ii!, '1.'2 _ •• , VaN_So In eq (3) A (' is thc A rotational constant 
for the hypothetical equilibrium configuration of the 
molecule; that is, 
A" = h/8rr2 /,,(0) (J.) 
whprf' '"(e) i~ Ihp mom",n! nf il1"rti" of th" mnl"c"],, "bnl1t 
the a-axis whell all of the atoms are at eqtiilibrium. 
Expressions similar to eq (3) and (4·) may be written for 
B" Be, C" and Ce, For any vibrational state v, 
Au (5) 
in which I}v) is an "effective" moment of inertia about the 
a-axis for molecules in the vibrational state v. Since in any 
sample most molecules are in the grOlllld vibrational stat~ 
v 0, the most commonly determined rotational con-
stants arc A,,, Eo, and Co; the corresponding elfectivc 
m'oments of inertia are Ia(ol, In(o!, and 1,(0). 
The principal moments of inertia may be defined in 
terms of the eigenvalues of an inertial tensor P with 
components defined as follo\\'s: 
N 
.2:: 11liait3i (6) 
i"",l 
in which 0', and Pi are Cartesian x, .1', or z coordinates of an 
atom i of mass mi. The coordinates are measured from the 
center of mass of the molccule and the sum is over all 1 he 
atoms. The principal second moments, taken in the order 
Paa :2: Pbb :2: Pcn are the eigenvalues of the len'sor P and 




From the definitions in eq (6~ and (7) it is clear that the 
coordinates of the atoms determine the principal moments 
of inertia. To the extent that the reverse is true-that 
the moments of inertia determine the coordinates of the 
atoms-it is possible to calculate distances and angles 
from experimentally-determined rotational constants. 
There are two serious problems in determination of 
structural parameters from rotational constants. First, 
there are nearly always many bond distances and angles to 
be determined and there are only three rotational con-
stants for a single molecular species. It is therefore usually 
necessary to determine rotational constants for molecules 
with differing isotopic composition of the nuclei. To high 
approximation the equilibrium structures of molecules are 
invariant to isotopic substitution, Thlls, equilibrium bond 
distances alld angles, so-called r e parameters, arc deter-
mined by udjuclill5 the p"rtlmeterG to give c111cull1ted 
moments of inertia which agree with experimcntally-
derived equilibrium moments for as many isotopically-
substituted species as are necessary, 
The second serious problem in structure determination 
is that it is seldom possible to obtain equilibrium moments 
of inertia from the spectra. In the most common situation 
effective rotational constants for the ground vibrational 
slates of one or more isotopic species are available. In 
addition to the second moment contributions from the 
slims over t he atomic coordinates. effective moments of 
inertia contain contributions from averaging o"crthe 
zero-point vibrations and from other vibration-rotation 
interactiolls (mainly Coriolis elfects), These extra contri-
butions are mllSS dependent so that the assumption of 
invariance of structural parameters to isotopic substitution 
is not valid. Parameters determined by adjusting bond 
distances and bond angles to give calculated momf'lIts of 
inertia which best fit experimentally derived effective 
moments of inertia are called effective parameters or ru 
parameters. 
In general, equilibrium bond distances and angles 
determined from different sets of moments of inertia are 
found to agree within the uncertainties propagated by the 
experimental uneerlainties in the moments. By contrast, 
elTective distances and angles are nearly always strongly 
dependent on the particular set of moments of inertia used 
Lo obtain them. Furthermore, the variations in parameters 
from set to set may be an order of magnitude or more 
larger than the propagated experimental uncertainties. As 
a consequence, uncertain ties in effective parameters cannot 
be deduced from the uncertainties which commonly 
accompany the results of a least-squares fitting routine. 
The method used for estimating the uncertainties for 
effective parameters in the pres en t compilation is described 
in the next section. 
It is possible to reduce the effect of vibration-rotation 
interactions on the determination of structural parameters 
from ",ff"'Gli VI:: lIlUlUt:Jll~ uf inertia by fitLing differences in 
corresponding moments for different isotopic species rather 
than fitting the moments themselves. This technique is 
based on the assumption that the vibration-rotation 
contributions to the moments are very similar for two 
isotopic species. Since they are mass dependent, however, 
there is only partial cancellation, so it should not be 
surprising to find that when the differences in moments of 
inertia for two isotopic species are very small, the residual 
differences in vibration-rotation contributions become 
important. 
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DifT",rcnccs i:1 momcnts of inertia may be fit directly by 
least-squarcs procedures just as may be done for the 
moments themsclves_ However, the simplest procedure is to 
make use of Kraitchman's equations [llJ, which are 
specifically for the case in whieh two isotopic species of the 
same molecule differ in isotopic labeling at a single atomic 
center. One molecule, usually the most common isotopic 
species, is designated as the parent molecule. Then, 
according to Kraitchman's equations, the a coordinate of 
the atom which is isotopically labeled in the substituted 
molecule is given by the expression [llJ 
(8) 
In eq (8) Paa , Pbb, and P", are effective principa1 sccond 
moments of the parent molecule and 
(9) 
in which Nip is the molecular mass of the parent molecule 
and !J.m is the change in mass of the isotopically-sub-
stiluted atom. Also, 
(10) 
for g a, b, c, in ,d1ich pi va is an effeclive principal 
second moment of the isotopically substituted molecule. 
Expressions similar to eq (8) may be written for b, und c" 
Dr cydic permutation of subscripts. If the ctfecllve mo-
ml'mts of inertia are determined for a parent molecule and 
two singly-substituted species, the coordinates of two 
atoms may be determined and from them the distance 
between the atoms. From the data for a parent and three 
singly-substitu ted species an interatomic angle can be 
calculated, etc. Parameters determined by means of 
Kraitchman's equations are called substitutio-n parameters 
or I"s parameters [12]. In many structure determinations 
some of the parameters have been determined by Kraitch-
man's equations, whereas others are determined by least 
squares adjustment. In this compilation the former arc 
always labeled r" parameters. Parameters determined by 
least squares adjustment to fit onl\' differences in momcnts 
of inertia arc considered to be - rH paramcters also. If, 
however, any moments of inertia or second moments of 
inertia are used to determine coordinates of an atom on 
which no substitution was made, parameters obtained from 
those coordinates are iabeled generally as 1'0' 
ln addition to eq (8) and the corresponding equations 
for b, and Cs, it is possible to derive similar eauations for 
multiple substitution at symmetrically equi~alent sites 
[IS-15J. ParameTers determined from coordinates ob. 
tained hy these equations are labeled as l's. 1 t is also possible 
to derive special forms of the Kraitchman equations for 
coordinates of atoms which lie in a plane of ",,'mmetrv or 
on a symmetry axis [11, 7J. Because a s)'mm~tf)' p1a~e is 
also a principal inertial plane, the change in the second 
J. Phys. Chem. Ref. Data. Vol. 8_ No_ 3, 1979 
moment perpendicular to such a plane should vanish for 
isotopic substitution of an atom in the plane. For substitu-
tion on a symmetry axis the changes in both second 
moments perpendicular to the axis should vanish. For 
example, for isotopic substitution in the ab inertial plane, 
APec should be zero so that Ma + Ah should equal Me. 
Under these, circumstances three combinations of the 
principal mOments of inertia could be used to calculate 




Similar expressions could be written for !J.Pbb• Unfortu-
nately, the vibration-rotation contributions do not com-
pletely cancel so that !J.P"c, as calculated from effective 
momc;nt5, ;" nevel exuctl-y '£",,) fICH buJ..,»litution 1" lbe uO 
plane. As a result, the substitution coordinates depend on 
which of egs (11) is used to computc !J.P ••. Since no one of 
these expressions is theoretically preferred, all of the 
possible combinations should be tested to insure that the 
parameters reported are representative. Since this has not 
always been done, the reviewers looked [or the possibility 
of unrepresentative use of Kraitchman's eqllation~_ A "imi-
lar, but more serious problem occurs in the determination 
of substitution coordinates for molecules which are near 
oblate symmetric tops. For near oblate tops, P"a is approx-
imately equal to rob ::;Q that the dTevl vI' Ol'bb jllllie :;ecuIIll 
factor of eq (8) is greatly magnified. In the corresponding 
equation for b, the effect of AP co is magnified. If either 
!J.P"" or AP co is smail enough that vibration-rotation 
contributions are a significant fraction of the yalue, sizable 
11l1certainties in G" or b, will result. A procedure for 
treating this situation by use of data from additional 
isotopically-labeled species has been described [16]. 
Examination of the form of eq (8) re-ieais that the 
effect of isotopic substitution on the moments of inertia 
decreases rapidly as the substitution site approaches an 
inertial plane. This is most easily seen by calculating the 
change in a coordinate which results from changes in the 
!J.P"". In most cases the factors in square brackets in eq (8) 
contribute an order of magnitude or so less to this change 
than the first factor. (An exccption is the near oblate tops 
just mentioned.) With these contributions ignored it is 
found that 
(12) 
Similar expressions may be derived for ab, and oc,. Contri-
butions to OAPaa come from experimental uncertainty in 
the PI/a values and [rom mass-dependent yibration-rotation 
interactions. It is dear frGm eq \12) that as a, ----l- 0, oa. 
gP.t~ Vf~ry bq~;p. <;;0 th"t the determinati.on of a., by Kraitch-
man's equations becomes questionable. If only one 
coordinate is close to a given plane, it may be determined 
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Substitution coordinates are known to satisfy thc first 
moment relations to a good approximation. It is also 
possible to determine coordinates for atoms close to an 
inertial plane by the doubJe substitution method of 
Pierce [17J. In this report coordinates determined either 
by cq (13) "'jth all gi bu t one being substitution coordi-
nates or by Pierce's method are referred to as rR coord inates. 
Suhstitution parameters were shown hy Costain [l2J to 
be considerably less sensitive than effective parameters to 
the particular set of isotopic species used to determine 
them. In addition, it is believed that the equilibrium 
structure is more closely approximated by the r, structure 
than by the ro structure. 'For example, Costain [12J has 
shown that r$ ~ ~ (ro + r,.) for diatomic molecules. 
W"t",on [18J has defined un I(m) moment of inertia a~ 
follows: 
1 (m) i1 21,,($) - 1,/°) (14) 
in which 1,,(5) is the moment of inertia about the g-axis 
calculated from the r, parameters. The j{m) moments were 
tihOWlI to be equal 10 equllibrium mom ems of inertia to 
first order. Watson [lSJ has devised a procedure for 
determining structural parameters from J(m) moments. The 
resulting bond distances and bond angles are designated as 
rill parameters. The rill procedure is difficult to apply in 
gen era! because data of very high precision are required for 
a large number of isotopic species. ]n addition, the approx-
imation thar 1(''') ",,' I(d breaks down for very light aloms, 
so that I-I-atom parameters cannot be determined by this 
method. Since the Tm method has been applied to very few 
molecules, parameters of this type has not been included 
in this compilation. 
Oka [19J, Herschbach ancl Laurie [20J, and Toyama, 
et aI. [21J, showed that the effective moments of inertia 
and the moments of inertia of the molecule with all of its 
atoms in their average positions arc related by terms which 
depend only on the harmonic part of the vibrational 
potential function. Since the harmonic potential terms are 
known for many small molecules, a set of moments I(z) for 
the average configuration can be derived from 1(0) values. 
The bond distances and bond angles derived from the J(z) 
moments for the ground VIbratIOnal state arc called average 
parameters or rz parameters. Average parameters are mass 
dependent so that when more than three independcnt 
stnl~tlll'Rl r~r"meler<; must be determined, isotope efl'ects 
must be estimated. These arc typically estimated by 
assumption of an anharmonicity correction for bond 
stretching and from computed vibrational amplitudes [22]. 
In this compilation, no distinction is made between average 
parameters determined from J<z) moments for a single 
isotopic species and those determined from J<') moments 
for several species with isotope corrections. 






Distance or angle between equilibrium nuclear 
positions_ 
Distance or angle between average nuclear 
positions in the ground vibrational state. 
Distance Or angle calculated from coordinates 
determined by Kraitchman's equations. 
Distance or angle from coordinates adjusted to 
give hest fit to effective grot:nd state rotational 
constants. 
Approximate equilibrium distance or angle cal-
culated from coordinates determined by Wat-
son's equations. 
Thermal average value of distance or angle. 
It is important to distinguish between Tz parameters-
bond distai1ces and angles for the atoms frozen in their 
average positions-and rtl parameters-the true ground 
vibrational state average values of distances and angles. 
The To parameters are determined by electron diffraction. 
It was pointed out by Morino et a1. r23l and by Kuchitsu 
[22J that the difference between an rz and an rfl distance is 
the difference between averaging over the molecular motion 
before or after the distance is calculated. As shown by 
Kuchitsu, the rz distance is to good approximation the 
average of the projection of the distance on the line 
connecting the nuclei at equilibrium. 
The different definitions of structural parameters are 
summarized in table 1. Comparisons of the different 
parameters for representative molecules have been given 
in many places (e.g., in refs. 7,12,20,24,25, and 26). In 
addition, many such comparisons appear in data tabulated 
in this report. Examination of such comparisons shows that 
differences of several thousandths of an Angstrom unit in 
distance and several tenths of a degree in angle should be 
expected for the different defiIlitions of a given parameter 
in a molecule. By contrast, the gtrictly experimental 
uncertainty is often less than 0.001 A or 0.1°. As a result, 
the definition of a reported structural parameter is an 
important consideration, particularly when parameters 
from different molecules are compared. 
3. Uncertainties 
In order to report uncertainties in structural parameters 
it is necessary to define the basis for the uncertainty 
estimate. For r,. and Tz parameters, which havc well-defined 
mathematical and physical models, it is sensible to estimate 
the uncertainties strictly on the basis of the experimental 
uncertainties of the input dala. 011 the other hand, for T" 
and r, parameters of polyatomic molecules the operational 
definitions lead to parametcrs which are less well-defined 
physically because of the effects of zero-point vibration-
rotation interactions. In this case one would like to know 
the extent to which these generally unknown molecule-
dependent terms contribute to the computed value of the 
J. Phys. Chem. Ref. Datu, Vol. 8, No.3, 1979 
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pn2"a;nClcrs. One way of assessing such CO!) triLu tions would 
be to compute the values of U:e parc.melers (ro or r,) by 
using several different independent combinations of isotopic 
data, a procedure whicl:lnormaH-y leads Lo a range of valucs. 
This range could then serve as a measure of lhe uncertainty 
in the computed pllrameler~ 
A second way of assessing the uncertainty in To or T, 
parameters is to attcmpt to compute the extent to which 
vibration-rotation terms cause these parameters to differ 
from the To valLle. Such a computation cannot be made 
precisely in the general case; i[ it could, the more desirable 
1'0 parameter wOLlld be obtainable. It is possible, however, 
to comptl te an estimate o[ the general magni tude of thc 
vibration-rotation contributions. Such un approach is the 
one taken here; the result is an operational definition of the 
uncertainlY which is described below by eqs (20)-(22). 
The derivation of eqs (20)-(2Z; follows from eq (12). 
For this dcrivation cq (7) is invertcd to give 
and 
Then, a pseucioincrtia defect 6"" is defined to J)C 
(17) 
from which it follows that, upon isotopic slibstitlltion, 
Therefore, the vibration-rotatioll contribution to o/)'P"" in 
eq (12) may be estimated as 
86.Paa = \ 6.'"" - D."n I /2. (19) 
If the value 0.006 U.)\2 is used for the differencc in the 
pseudoinertia defect upon isotopiC substitution, it is found 
that 
o '0.0015' 
oajA = ±I-, -0-1. 
, I a,'A 
(20) 
A value of 1 u has been i:tssumed for )1.. Equatioll (20) for 
the lIncertainty in the coordinate of an atom derived by 
applicatioIl of Kraitchman's equatiolls is known as the 
Costain rule [27]. Although it has been derived for 
subsritUlion parameters, it expresses the general insensi-
tivily of the moments of illf'flia of a molecule to isotopic 
substitution near a principal inertial plane. The Costain 
rule should therefore have wide application to the estima-
tion of uncertainties in both To and ro parameters. 
The choice of 0.000 U· X 2 for o/)'P"v is based on an 
('~lillJ:\I" or :1 typical di(Tprence in pseudoinerlial defect 
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upon isnt(lp~c substitulion. In some casef', particularly for 
H coordinates, a larger value may be desirable, while for 
heavy atoms the estimate may be somewhat conservative. 
The value may also be increascd for cases in which thc 
experimental unccrtainty in 6.[>"" is an appreciable fraclion 
of O~006 tI· X 2 01' in eases in which nn unllsll",I1y large 
range of coordinate values is obtained by using different 
combinations of coordinates in Krailchman's equations. 
The unambiguous COI1Yersiol1 of uncertainties in atomic 
coordinates of the r, or t" type to uncertainties in inter-
atomic distances or angles requir('s morc knowledge than is 
usually available. I I is knO\\"ll that the use of the Kraitchman 
equations can lead to systematic vibration-rotation contri-
bl! liolls to the uncertainties ill the coordinates [12, 20J. 
By contrast, in most ca~es it is probably safe [0 assume that 
the E"xpE"rimcntal contributions to the coordinate uncertain-
tle~ are dlstnbutcd randomly. ft IS possiblc to compute 
uncertainties ill in I eralomic parameters by assuming that 
the contributions to the uncertainties in coordinates from 
experimelltal error are random and that the vibration-rota-
tion contributions to each o~, (f!. = a, b, c.) have the same 
sign as g, [28]. However, the lalter assumption is not 
always valid and the method requires that the effects of 
I.:oonJimltc llflcenairl1ies be added absolutely, which prou-
ably leads to overstatement of till:' uncertainties in the 
distance and angles. In view of these ambiguitics it was 
decided for the purposes of this compilatlon to use the 
usual formula for the propagation of random uncertainties 
to calculate the uncertainties in distanccs or angles. For the 
distance between the ith, and jlh nuclei this leads to an 
ullcertainl y 
{ [(or .. )~ (ar .. )~ ]}lf2 Of;j = L ---2!. og/ + ~ og/ . ,,-a,l~,c ar:, . dg.) (21) 
In this equatiotl (or;j/ag;l and (Jr;j,'Jg;) are calculated 
from Ihe final structure and og; and ogj for g = a, b, care 
ootaincd by eq (20) or as described in thc next paragraph. 
A corresponding equation for BO,}), is uspd to estimate the 
llncprlain ties in the angles. 
An exception to the Ilse of eq (20) for the determination 
of thc ullcertainly ill an 1'0 or r, coordinate is made [or those 
coordinates which are calculated by the use of first moment 
or second moment relations. For cxamplc, the uncertainty 
in it cuulIJillale gl which has been calculaled by eq (13) is 
obtained as foll01fs: 
N 
7/l1-1 [L (III; Ogi}2]t/2 
i=2 
(22) 
where the Ogi for /: = 2 to j'V arc obtained from eq (20). 
As mentIOned above, eqs (20)-(22) provide the basic 
operational dcfinition of the uncertainty in an T, or To bond 
distance or angle which has been used throughout this 
1fOrk. This definition is intended to be a combined estimate 
of the contributions of experimental unccrtainly and 
vibration-rotation interaction. It should not, however, be 
taken loo literally. For example, while it is expected that 
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::1:0.002 ::1:0. OOS 
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±0.2 - ±O.S 
±0.5 - ±1.0 
..L1.0 ..L2.0 
±2.0 ±5.0 
there value of the distance or angle will lie within the 
uncertainty range in many cases, the approximations are 
such that this cannot be guarantecd. . 
Uncertainties in equilibrium and average parameters are 
assigned, as mentioned earlier, by estimating the un-
certainties in the inpu t data. The principal contributions to 
the uncertainty in equilibrium parameters is experimental 
uncertainties in the measured The ho~rI (li~t:mrp.;:, 
. and bond angles should be isotopically invariant to high 
. approximation. Thus, standard least-squares methods of 
propagating the uncertainties in the rotational constants to 
uncertainties in the parameters can be used. The sItuation 
for uncertainties in average Cr.) parameters is only slightly 
different. Here, the principal contributions to uncertainties 
in the moments of inertia come from experimental un· 
certainties and from uncertainties in the estimation of I/z) 
from Iy(o). However, additional contributions may cQme 
from estimation of isotope effects if moments of inertia 
from more than one species are reqUlred. 
In this coinpilation the numcrical values of the un-
eertainties in the -distances or angles are not reported 
explicitly; a letter rating whirh rnrrespond9 to a range of 
uncertainty is used instead. The correspondence between 
the letters used and the uncertainty ranges is given in 
table 2. The selected ranges for the A, B, C ; .. ratings are, 
of course, arbitrary, but they seem to provide a useful 
classification of the accuracy -of the numbers reported 
while at the same time they discourage a too-literal 
interpretation of the uncertainty estimates. 
4. Evaluation Procedure 
Although each reviewer adopted his own procedure for 
evaluating the structural parameters in the molecules 
assigned to him, some steps were common to all of the 
procedures. These are as follOWG: 
1. The spectral fitting process was examined and 
uncertainties in the rotational constants were assessed. 
2. The method of structural analysis used by the 
authors was checked for logic and evaluated in a general 
way. Different definitions were assigned to each of the 
parameters according to the method of analysis (table 1). 
3. For r e and r" parameters the errors were established 
by the errors in the experimental input data. )lormally it 
was found that the published results had a proper assess. 
ment of the uncertainties. Numerical uncertainties were 
cODverted to letter ratings according to table 2. 
4. For To and rs parameters, coordinate uncertainties 
were established by eq (20) or an equation such as eq (22). 
These were converted to parameter uncertainties using 
eq-(21) and to letter ratings via table 2. Special methods, 
such as the "double-substitution" procedure [17J, were 
evaluated as individual cases. For To structures, the range 
of values obtained by using differing data sets provided an. 
additional test of the parameter validity, normally leading 
to a reduced letter rating. 
5. In most cases, structural results were not included 
if all ratings were X. 
6. Studies which reported only conformational results 
were iJ?-cluded when they were unambiguous and non-trivial. 
Although this represents the least objective aspect of the 
compilation, such results were deemed to be of.sufficient 
iuLereol awl value to merit inclusion. 
7. Because of the strong influence of vibration-rotation 
terms on parameters illvolving H atoms, such parameters 
have in most cases been rated no higher than B. 
8. In general, the use of parameter assumptions was 
considered sufficient to invalidate a structure or to lead to 
X ratings for the dependent parameters. However, in some 
wdl·tldil1etl L:a~ell the uncertainties in computed parameters 
were assessed according to the plausible uncertainties in 
the assumed parameters. Since H atom parameter assump-
tions have a relatively small influence upon heavy atom 
parameters, such assumptions were normally permitted. 
9. The E rating has been used sparingly since a 
parameter with such a large uncertainty often has little 
practical validity. Thus a eH bond distance would usually 
be rated X rather than E in order to indicate its imprecise 
character. On the other hand, an E rating might provide a 
useful guideline for certain bono anglp.!O; or fnr "orne of the 
more uncommon bond lengths. 
10. Spot check calculations or complete recalculations 
of the structure were performed if any results seemed in 
doubt. Parameters in the original literature were replaced 
by recalculated values only if the values differcd bv more 
than the assigned uncertainty. -
5. Description of Tables 
Each lUuleL:ule i11 tlli::; L:umpilation has been identified by 
its empirical formula according to the conventional· scheme. 
The tables have been arranged so that the inorganic 
molecules appear first. followed in order by C" C" C" etc. 
carbon-containing species. Compound names generally 
follow the standard I.U.P.A.C. or Chemical Abstracts 
nomenclature schemes, but common names are often 
included also. Where the empirical formula alone is not 
sufficient for the identification of the structural parameters, 
a more conventional structural formula or drawi~g is 
includea. Additional aid in interpreting the structures is 
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provided by the convenliollal point group symbol, which 
is listed for each molecule above the data table. 
Structural paramctera for each moleculc erc tabulated 
according to their operational definition, viz., substitution 
(r,) , equilibrium (r o), effective (ro), or average (rz ) , and 
are separated into distance and angle categories. As a 
general rule, T", T" and r. parameters are always listed when 
available; fo values are normally included only if one of the 
more reliable types can not be obtained from the experi-
ment"] data_ All distance values are in ,\ (100 pm) unit» 
a:1d angles e.re in degrees. Explanatory comments and 
footnotes follow the tabulated parameters, and finally the 
original literature sources are listed. In most cases Dilly 
those sources have been referenced which are necessary Lo 
obtain the reported structure. 
All structural data in this compilation refer to the ground 
electronic ~tate, which for most polyatomic molecules 
implies a totally symmetrical orbi tal state with a spin 
multiplicity of unity. For those few molecules whose 
ground states do not fall in this category, the standard term 
symbol has been listed below the table. h:xcepl for a few 
cases as noted, all structmal parameters refer to the normal 
(most abundant) isolopicspecies,althougn the equilibrium 
parameters are expected to hR isotopi0.ally inv,-,ri,ml. 
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Appendix: Selected Diatomic Molecule Distances a 
--
I Molecule To r. Molecule To r. Molecule To T. 
AgBr 2.395 2.393 Cles 2.910 2.906 HN 1.045 1.035 
AgCI 2.284 2.281 CIF 1.632 1.628 HO 0.980 0.971 
AgF 1.987 1.983 CIGa 2.205 2.202 HP 1.433' 
AgI 2.547 2.545 em 1.284 1.275 H5 1.355 1.345* 
AlBr 2.298 2.295 Cll 2.324 i 2.321 HSi 1.531 1.520· 
AICI 2.133 2.130 ClIn 2.404 2.401 H2 0.751 0.741* 
AIF 1.658 1.651 elK 2.671 2.667 lIn 2.756 2.754. 
AlI 2.540 2.537 CILi 2.027 2.021 IK 3.051 3.048 
BF 1.267 1.263 CINa 2.365 2.361 ILi 2.398 2.392 
BH 1.247 1. 236· CIO 1.573 1.569 INa 2.7l5 2.7l1 
RN 1 ?J:l6 1 ?81. ClRh ? 790 ? 787 IRh 3 180 3 177 
BO 1.210 1.204' em 2.488 2.485 IT! 2.815 2.814 
B2 1.594 1. 590' el2 1. 991 1.988* h 2.669 2.667* 
BaO 1.942 1.940 CsF 2.347 2.345 Li. 2.680 2.673* 
BrCI 2.139 2.136 CsI 3.318 3.315 NO 1.154 1.151 
BrCs 3.075 3.072 CuF 1. 749 1. 745 NP 1.494 1.491 
BrF 1.759 1.756 FGa 1.778 1. 774 N5 1.497 1.494 
BrGa 2.355 2.352 FH 0.926 0.917 I 1\"2 1.100 1. 098" 
BrH 
: 1.424 1.415 Fl 1.913 1.910 OP 1.476 1.474" 
nrl 2.489 2.485 FIn 1.989 1.985 OPb 1.925 1.922 
BrIn 2.545 2.543 FK 2.176 2.17l OS 1.484 1.481 
BrK 2.824 2.821 FLi 1.570 1.5M OSi 1.512 1.510 
BrLi 2.176 2.170 FN 1.321 1. 317' 05n 1.835 1.833 
.l::IrNa Z.SU6 2.5UZ Y.Na 1.931 1.926 U2 1.211 1.208 
BrO 1. 721 1. 717 FHb 2.274 2.270 p, 1.896 1.894" 
nrRb 2.948 2.945 F5 1.601 PbS' 2.289 2.287 
TIEr 2.620 2.618 FTI 2.088 2.084 PbSe 2.404 2.402 
CD" 1.621· F, 1.417+ PbTe 2.596 2.595 eel 1.649 1.645' Gal 2.577 2.575 SSi 1.932 1.929 
CF 1.276 1.272' I GeO 1.627 1.625 SSn 2.211 2.209 
CH 1.131 1.120' GeS 2.014 2.012 52 1.892 l.889· 
CN 1.175 1.172* : GeSe 2.l36 2.135 SeSi 2.060 2.058 
CO 1.131 1.128 GeTe 2.342 2.340 5eSn 2.327 2.326 
CS 1.538 1.535 HI 1.620 1.609 Si, 2.249 2.246" 
CSe 1.679 1.676 HLi 1.604 1. 595b SnTe 2.524 2.523 c. 1.240 1. ?4,," 
I i 
JJH;tanlces are expected to have an accuracy of 0.001 or better. Values indicated by an asterisk have been obtained from Hosen [9J, the 
remaining values from Lovas and Tiemann [3]. 
" In thiS case the values are for the deuterated speCies, 'HLi. 
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Bond Effective Angle Effective 
AlH 1.59 E HAlH 119E 
[lJ C. Herzberg, Electronic Spectra of Polyatomic Molecules, D. Van 
Nostrand Co. Inc., Princeton, N.J., U.s.A., Table 62,1966. 






ElTccti .... c 




ArC!!t ·n.s X 
[lJ S. E. NoYick, P. Davies, S. Harris and W. Klemperer, J. Chem. 
Phys. 59, 227.3 (1973). 
Hyd~ogen Argon (1/1) 
Bond 
Mean distance between center of mass of 










AsEr 2.323 B 
Llj A. G. Robiette, I. Mol. St~uct. 35, 81 (1976). 
Arsenic: Trifluoride (T.lfluoroarslne) 
Bond Effective Angle Effective 
AsF 1. 712 X FA sF 102 X 
Only one isotopic species studied. 
[1J P. Kosliuk and S. Geschwind, J. Chern. Phys. 21, 828 (1953). 
Arsino 
AsH. 
Bond Effective Angle Effective 
AsH 1.518 C HAsH 90.7 B 
Ground electronic state is 2BI • 
DJ R. N. Dixon, G. Duxbury and H. M. Lambertol~, Proc. Roy. 
Soc. (London) A305, 271 (1968). 
Arsine 
AsH a 
Bond Effective Equilibrium Angle Effective Equilibrium 
AsH 1. 520 A 1. 511 A HAsH 92.0A 92.1 A 
[1J W. B. Olson, A. C. Maki and R. 1. Sums, J. Mol. Spectrosc. 
55,252 (1975). 
[2J F. Y. Chu and T. Oka, J. Chern. Phys. 60, 4612 (1974). 
[3J K. Sa!"kd, D. Papousek and K. N. Rao, 1. Mol. Spectrosc. 37, 
1 (1971). 




Boron chloride ctifluoride 
Angle 




[lJ H. W. Kroto and M. Maier, J. Mol. Spectrosc. 65, 280 (1977). 









FBF 118.3 C 
[lJ T. Kasuya, W. J. Lafferty and D. R. Lide, J. Chern. Phys. 48, 
1 (1968). 
Difluorohydroxyborane 
BF2HO FzBOH C, 
Bond Substitution Effective Angle Effective 
OH 0.94 C BOH 114C 
EO 1.34 D FBO 123 C 
BF l.31D FBF lI8C 
~1J H. Takeo and R. F. Curl, J. Chern. Phys. 56,4314 (1972). 
1,1-Difluoroboranamine (Aminodifluoroborane) 
Bond Substitution Effective 
BF 
BN 




Angle 'Substitution Effective 
FEF 
NHN 116.9 B 
117.9 B 
[lJ F. J. Lovas and D. R. Johnson, J. Chern. Phys. 59, 2347 (1973). 
Difluorophosphine Borane 
c, 
Bond Substitution Hfective Angle Substitution Effective 
PH 1.409 C H.EH. 112.7 C 
PF 1.552 C H.BH, 115.9 C 
PB 1.832 D PBB. 109.9 B 
BlI. 1.226 B PBB. 99.9 B 
BH, 1.200 C BPH 120.1 C 
lH'" 117.7.1:) 
FPF 100.0C 
FPH 98.6 B 
Subscripts s and a refer to in and out of the plane of symmetry, 
respectively. 
[1J 1. P. Pasinski and R. L. Kuczkowski, J. Chern. Phys., 5·1·, 1903 
(1971). 








FBF 126 E 
[lJ C. W. Mathews, J. Mol. Spectrosc. 19, 203 (1966). 
Boron Trifluoride (Trifluoroborane) 
Bond Effective Equilibrium 
BF 1.310 B 1.307 B 
[lJ S. G. W. Ginn, J. K. Kenny and J. Overend, J. Chern. Phys. 
4S, 1571 (1968). 















PH distance assumed to be 1.40 and IIPB angle assumed to be 
117'. 
[1J J. D. Odom, V. F. Kalasinsky, and J. R. Durig, Inorg. Chern. 
14, 2837 (1975). 
Phosphorus Trifluoride-Borane 
Cav 











[lJ R. 1. Kuczkowski and D. R. Lide, Jr., J. Chern. Phys. 46~ 35', 
(1967) . 
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[11 E. F. Pearson and R. U. McCormick, J. Chern. Phys. 58, 1619 
(1973) . 
Borane(2) 
Bond Effective Angle Effective 
BH 1.181 C HBH 131 C 
Ground state is 'Bl • 
[lJ G. Herzberg and J. W. C. Johns, Proc. Roy. Soc. (London) 
A298, 142 (1967). 
Phosphine-Borane 
BH,P H,BPH, C3• 
Bond Substitution Angle Substitution 
BP 1.937 B PBH 103.6B 
BH 1.212 B BPH 116.9 B 
PH 1.399 B HBH 114.6 B 
HPH 10l.3 B 
[1J J. R. Durig, Y. S. Li, L. A. Carreira, and 1. D. Odom, J. Amer. 
Chern. Soc. 95, 2491 (1973). 
Boron Dioxide 
B0 2 OBO 
Bond Effective 
BO 1.265 A 
Ground electronic state is 'n •. 
[lJ 1. W. C. Johns, Can. J. Phys. 39,1738 (1961). 
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Bromodiborane(6) 
c. 
Bond Substitution Effective Angle Substitution Effective 
BB 1. 773 B BBBr 121.4 C 











[1] A. C. ,,.remon "nil C n Cnrnw"ll, J. Chp.m. Phy". 5:\, 1851 
(1970). 
1,2,4,3,5-Trioxadiborolane 
B2H20 3 C.v 
Bond Substitution Angle Substitution 
BlI 1.182 B BOB 104.0 C 
BO, 1.380 B OBO 113.0 C 
BOb 1.365 B BOO 105.0 C 
ObOb 1.4,·70 A HBO, 126.3 C 
[1] W. V. F. Brooks, C. C. Costain and R. F. Porter, J. Chern. 
Phys. 47,4186 (1967). 
Diborane(6) 
B2H6 DOh 
Bond Effective Angle Effective 
B···B l. 763 C H,BB, 121.0 C 
B-H t 1.201 C HbBHb 96.2 C 
B-Hb 1.320 C 
[1] W. J. Lafferty, A. G. Maki and T. D. Coyle, J. Mol. Spectrosc. 
33, 345 (1970). 
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A minodiborane 
Bond Substitution Effective Angle Substitution Effective 
DB l.9lG B END 75.9 A 
BN 1.558 B BHbB 90.0 B 
BHb 1.355 C HtBH t 121.0 B 
BHt 1.193 B NBH t 113.7 B 
NH 1.005 C HNH 111.0D 






Hydrogen atoms are not uniquely determined, but data are 
consistent with five single BH bonds and four bridging hydrogens as 
shown. 
[1J H. J. Hrostowski and R. J. Myers, J. Chern. Phys. 22, 262 
(1954) . 
[2J H. J. Hrostowski, R. J. Myers and G. C. Pimentel, J. Chern. 
Phys. 20, 518 (1952). 
Sulfuryl bromide fluoride 
BrFO,S C. 
Bond Effective Angle Effective 
SBr 2.155 X FSBr 100.6 X 
50, SF, and 050 were assumed to be 1.407, 1.560, and l~iS:(, 
respectively. 












[1J D. W. Magnuson, J. Chern. Phys. 27, 223 (1957). 
Bromotrifluorosilane 
BrFaSi SiFaBr 
Bond Effective Angle Err""l!V" 
SiF 1.560 B FSiF 108.5 D 
SiBr 2.153 D 
Bond distances determined by assuming the value for FSiF. 
[1J J. Sheridan and W. Gordy, J. Chern. Phys. 19, 965 (1951). 
BrF.S 
Sulfur bromide fluoride 











Angle F(eq)SF(ax) was assumed to be 88.0°, and all SF bond 
lengths were assumed to be equal. 
[lJ E. W. Neuvar and A. W. Jache, J. Chern. Phys. 39, 596 (1963). 
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1 . .535 D 
Bromogermane 
BrGeH, 
Substitution Angle Effective 
HGeH 111.9 D 
2.297 B 
The substitution distance derived in Ref. 1 was combined with 
the Ao value obtained in Ref. 2 by use of the zeta sum rule to cal-
culate the molecular parameters. 
D] S. N. Wolf and 1. C. Krisher. T. Chern. Phys. 56, 1040 (1972). 
[2J K. H. Rhee and M. K. Wilson, J. Chern. Phys. 43, 333 (1965). 
Bromosilylene 
BrHSi HSiBr c, 
Bond Effective Angle Effective 
SiBr 2.231 B HSiBr 102.9 C 
SiH distance assumed (1.561 A). 
[IJ G. Herzberg and R. D. Verma, Can. J. Phys. 42, 395 (1964). 
Rromo<;ilnno;o 
BrH3Si BrSiHa Cav 
Bond Substitution Angle Substitution 
SiBr 2.210 B HSiBr 107.9 B 
SiR 1.481 B 
[lJ R. Kawley, P. M. McKinney, and A. G. Robiette, J. Mol. Spec-









HSnBr 106 C 
[I] S. N. Wolf, 1. C. Krisher, and R. A. Gsell, J. Chern. Phys. 54, 
4605 (1971). 














[lJ D. J. Millen and D. Mitra, Trans. Faraday Soc. 65, 1975 (1969). 
Fluorotribromosilane 
BraFSi FSiBr, C'v 
Bond Effective Angle Effective 
SiBr 2.171 X BrSiBr Ill. 6 X 
SiF = 1.560 was assumed. 




Bond Effective Angle Effective 
SiH 1.494 C BrSiEr 111.6 E 
SiBr 2.170 E 


















[lJ C. R. Parent and M. C. L. Gerry, J. Mol. Spectrosc. 49, 343 
(1974). 







































[1J A. H. Brittain, 1. E. Smith and R. H. Schwendeman, Inorg. 


































Bond distances obtained by assuminll FSiF 108.5:l:: 2°. 













The CIF". and CIF"I distances have been assumed 10 be equal. 
[lJ H. K. Bodenseh, W. HUttner, and P. Nowicki, Z. Naturforsch. 
31a, 1638 (1976). 
[2J P. Goulet, R. Jurek, and J. Chanussot, J. de Phys. 37, 495 
(1976). 
[3J R. Jurek, P. Suzean, J. Chanussot, and J. P. Champion, J. de 
Phys. 35, 533 (1974). 
Tellurium pentafluoride chloride 
CI 
F, I ... F 




Bond Substitution EffeCliYe :\ngle Substitution Effective 
TeCl 2.250 B 
TeF 1.831 X 
The TeF.q di"lance has been ~ssumeu e(lual to the TeF, distance. 
[lJ A. C. Legan, J. Chern. Soc., Faraday Trans. 69, 29 ~1973}. 
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Tungsten pentatluoride chloride 
CIF.W CIWFs 
Bond Substitution Effective 
WCI 2.252 B 
WF" 1.836 X 
• All WF bonds assumed equal. 






[lJ A. C. Legon, Trans Faraday Soc. 65, 2595 (1969). 
Hypochlorous acid 
ClHO HOC! C. 
Bond Substitution Angle Substitution 
OH 0.967 C HOCl 102.4 C 
OCI 1.690 A 
[lJ A. M. Mirri, F. Scappini and G. Cazzoli, 1. Mol. Spectrosc. 
38. 227 (1971). 
[2J D. C. Lindsey, D. G. Lister and D. J. Millen, Chern. Comm. 
1969,950 (1969). 

































[lJ G. Cazzoli, D. G. Lister and P. G. Favero, J. Mol. Spectrosc. 
42, 286 (1972). 
[2J G. E. Moore and R. M. Badger, 1. Amer. Chern. Soc. 74, 6076 
(1952) . 
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Chlorosilane 
ClHaSi HaSiCI 
Bond Substitution Effective Angle Substitution Effective 
SiCI 2.048 A 
SiH 1.482 B 
2.049 A 
1.485 B 
HSiC! 107.9 B 108.7 B 
[lJ R. Kewley, P. M. McKinney and A. G. Robiette, J. Mol. Spec. 
trose. 34, 390 (1970). 
Chlorostannane 
ClH3Sn H3SnC! Cav 
Bond Substitution Effective 
SnC! 2.327 A 
Snll 1. 70 X' 
• Value obtained by assuming methyl group to be tetrahedral. 
[lJ L C. Krisher, R. A. Gsell and 1. M. Bellama" J. Chern. Phys. 















[lJ D. J. Millen and J. Pannell, J. Chern. Soc. 1961, 1322 (1961). 
Nitryl chloride 
CINO, C'v 
Bond Effective .Anglc Effcul.ivc; 
NCI 1.840 B ONO 130.6 C 
NO 1.202 B 
[1J D. J. Millen and K. M. Sinnott, J. Chern. Soc. 1958, 350. 
[2J 1. Clayton, Q. Williams and T. L. Weatherly, J. Chern. Phys. 
30,1328 (1959), Errata, J. Chem. Phya., 81, 554 (1959). 
[3J T. Oka and Y. Morino, J. Mol. Spectrosc. II, 349 (1963). 
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Thiazyl chloride 
I]NS N==S-CI C. 







NSCI 117.7 A 117.9 B 
The effective structure is an average of that determined in three 
i Ildependen t ways. 
Cl J T. Beppu, E. Hirota and Y. Morino, J. Mol. Spectrose. 36, 






Bond Substitution Angle Substitution 




171. 9 C 
[1J R. 1. Cook and M. C. 1. Gerry, J. Chern. Phys. 53, 2525 (1970). 
Chlorine dioxide 
OCIO 
Bond Substitution Average Angle Substitution Average 
CIO 1.471 B 1.476 B 0(;10 117.(, B 117.S B 
Ground state is 2B!. 
[lJ A. H. Clark, J. Mol. Struct. 7, 485 (1971). 
[2J F. R. Curl, Jr., R. F. Heidelberg and J. 1. Kinsey, Phys. Rev. 
125, 1993 (1962). . 
[3J R. F. Curl, Jr., J. 1. Kinsey, J. G. Baker, J. C. Baird, G. R. 
Bird, R. F. Heidelberg, T. M. Sugden, D. R. Jenkins and C. 
N. Kenney, Phys. Rev. 121, 1119 (1961). 
Chlorotrioxorhenium 
C]OsRe C]ReOs Cav 
Bond Effective Angle Effective 
ReO 1. 702 B CIReO 109.4 B 
ReCI 2.229 B 
[IJ E. Amble, S. 1. Miller. A. 1. Schawlow and C. H. Townes, 
J. Chern. Phys. 20, 192 (1952). 
[2J J. F. Lotspeich, A. Javan and A. Engelbrecht, J. Chern. Phys. 
31, 633 (1959). 
Dichlorosilane 









Hydrogen parameters are not strictly substitution parameters, 
but should be nearly so. 




Bond Substitution Effective Angle Substitution Effective 
CIO 1.700 A 1.700 A CiOCI HO.9B 1l0.9 B 
[IJ G. E. Herberick, R. H. Jackson and D. J. Millen. J. Chern. Soc. 
1966, 1156 (1966). 
Sulfur dichloride 
ChS C'v 
Bond Substitution Average Effective 
CIS 2.014 A 2.015 A 2.014 A 
Angle Substitution Average Effective 
CISCI 102.6 A 102.7A 102.7 A 
[IJ R. W. Davis and M. C. 1. Gerry, J. Mol. Spectrosc. 65, 455 
(1977). 
[2J J. 1. Murray, W. A. Little, Q. Williams and T. L. Weatherby, 
J. Chern. Phys. 65, 985 (1976). 
Trichlorofluorosilane 
Cl,FSi FSiCl, Coy 
Bond Effective Angle Effective 
SiF 1.520 B FSiCl 109.5 B 
SiC] 2.019B ClSiCI 109.4 B 
[1J R. Holm, M. Mitzloff and H. Hartmann, Z. Naturforschg. 
22a, 1287 (1967). 
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[IJ P. Venkateswarlu, R. C. Mockler, and W. Gordy, J. Chern. 
Phys. 21,1713 (1953). 
Trichlorosilane 
CIslISi HSiCI, Cs• 













[IJ R. Mockler, J. H. Bailey, and W. Gordy, J. Chern. Phys. 21, 
1710 (1953). 




Hond Substitution Effective Angle Substitution Effective 
NCI 1. 754 A 1. 759 A CINCI 107.8 A 107.4 A 
[lJ G. Gazzoli, P. C. Favero, and A. Da! Bargo, J. Mol. Spectrosc. 
50, 82 (1974). 
Phosphoryl chloride 
CloOP Cs• 
Bond Effective Ang1e Substitution 
PO 1.1..55 tl C1PC) 103.7 C 
PCI . 1.989 C 
[lJ Y. S. Li, M. M. Chen and J. R. Durig, J. Mol. Struet. I,!, 261 
(1972). 













The structural pa"rameters were recalculated from the reported 
rotational constants. 
[IJ K. Karakida and K. Kuehitsu, Chern. Lett. 293 (1972). 
Phosphorous Trichloride-
CIsP PCh 
Bond Effective Angle Effective 
PCI 2.043 B ClPCI 100.1 C 














[lJ D. R. Lide, Jr. and R. L. Kuczkowski, J. Chern. Phys. 46, 4768 
(1967) . 




Bond Substitution Effective Angle Effective 
C .. F 1. 730 E nC .. H 112.0 D 
CeH 1.522 D 
[IJ 1. C. Krisher, J. A. Morrison, W. A. Watson, 1. Chern. Phys. 
57, 1357 (1972). 
[2J K. H. Rhee and M. K. Wilson, J. Chern. Phys. ,13,333 (1965). 




NF 1.37 C 
Ground electronic state is ~A". 




















[lJ E. F. Pearson and H. Kim, J. Chern. Phys. 57, 4230 (1972). 
[2J H. Kim, E. F. Pearson and E. H. Appelman, J. Chern. Phys. 
























[1J A. H. Sharbaugh, V. C. Thomas and B. S. Pritchard, Phys. 
Rev. 78, 64 (1950). 
[2J B. Bak, J. Bruhn and J. Rastrup.Andersen, J. Chern. Phys. 21, 
752 (1953). 
[3J C. Ceorghiou, J. G. Baker and S. R. Jones, J. Mol. Spectrosc. 
63, 89 (1976). 

















Effectivc parameters determined by fitting momental equations 
along with the assumptions; Si-H (F) = 1.477, SiH = 1.483, 
HSiH(F) = 110°, HSiH = 108.3°. 
a SiSiH angle in SiH,l<' groups. 














[lJ K. S. Bucktan, A. C, Legan and D . .T. Miller, Trans. Faraday 
Soc. 65, 1975 (1969). 
[2J R. L. Cuuk, J. Chern. Phys. 42, 2927 (1965). 















The oxygen coordinates were substitution coordinates. 















[lJ R. L Cook and W. H. Kirchhoff, 1. Chern. Phys. 47,4521 (1967). 
[2J W. H. Kirchhoff and E. B. Wilson, 1. Amer. Chern. Soc. 85, 
1726 (1963). 
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Bond Equilibrium Angle Equilibrium 
GeF 1.732 A FGeF 97.2A 
Equililbrium structure identical for three Ge isotopic species. 
Takeo and R. F. Curl, Jr., J. Mol. Speclrosc. 43, 21 (1972). 




[lJ D. R. Lide, Jr., J. Chern. Phys. 3S, 456 















n. 1. Kuc"'kow~ki, J. Amer. Chern. Soc. 90, 17U5 (1963J. 





~?" F// H 
r 
FzHPO c. 
Bond Effective Angle Effective 
PH 1.387 D HPO 117.9 D 
PF 1.539 B FPO 116.3 C 
PO 1.437 B FPF 99.8B 























[1] C. R. Nave and J. Sheridan, J. Mol. Struct. IS, 391 (1973) 
Hydrogen fluoride dimer 
c. 
c. 
Spectra eonsistent with hent model. With some assumptions, 
FF distance found to be 2.79 A. 
[1J T. R. Dyke, B. I. Howard and W. Klemperer, J. ·Chem. Phys .. 
56,2442 (1972). 














1.587 B FPF 
1.6::;0 D FI'N 
1.002 B PNH (cis) 









[lJ A. H. Brittain, J. E. Smith, P. L. Lee, K. Cohn and R. H. 
























[1 J R. L. K uczkowski, H. W. Schiller and R. W. Rudolph, Inorg. 




KrF 1.875 D 
Two po".ihIA ] ... ;gnment. of the ", band of KrF, c"iat. The bond 
distance cited above is that calculated from the Eo value from the 
most probable- assignment. The error taken, however, is that which 
will encompass both possible' assignments. 
[lJ C. Murchison. S. Reichman. D. AnrlAT.on, J Overend and F. 
Schreiner, J. Am. Chern. Soc. 90, 5690 (1968). 
Difluoroamidogen 
(Nilrogen difluoride) 
Bond Effective Average Angle Effective Average 
NF 1.349 B 1.353 B FNF 103.3B 103.2 B 
Ground state is 2B1• 
[lJ R. D. Brown, F. R. Burden, P. D. Godfrey and J. R. Gillard, 









FNN 114.6 B 




Bond Effective Average Equilibrium 
OF 1.409 A 1.412 A 1.405 A 
Angle Effective Average Equilibrium 
FOF 103.3,1" 103.2 A 103.1 A 
Studies in the ground and excited states permitted determination 
of effective, average and equilibrium structures. 
[IJ L. Pierce, N. DiCianni, and R. H. Jackson, J. Chern. Phys. 
38; 730 (1963). 
[2J Y. Morino and S. Saito, J. Mol. Spectrosc. 19,435 (1966). 
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[1J R. C. Ferguson, J. Am. Chern. Soc. 76, 350 (1951·). 
















104 .. 8 A 
92.22 A 
rn 1. C. Howater, R. D. Brown, and F. R. Burden, J. Mol. Spec-













[1J R. H. Jackson, J. Chern. Soc. 384, 4585 (1962). 
Sulfuryl Fluoride 
F,O,S F,SO, 
Bond Effective Angle 
SO 1.405 C OSO 








[lJ D. R. Lide, D. E. Mann and R. M. FristDln, J. Chern. Phys. 
26, 734 (1957). 
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Sulfur Difluoride 
Bond Effective Average Angle Effective Average 
SF 1.589 G 1.592 A F5F 98.3 B 98.2 A 
[lJ D. R. JO]illOVll ""d F. X. Powell, 5cience 164, 950 (1969). 
[2J W. H. Kirchhoff, D. R. Johnson, and F. X. Powell, J. Mol. 
Spectrosc. 43, 157 (1973). 
Thionyl Fluoride 
c. 
Eond Effective Average 
so 
SF 
1.413 B 1.416 B 










[lJ N. J. D. Lucas and J. G. Smith, J. Mol. Spectrose. 43, 327 
(1972). 
[2J R. C. Ferguson, J. Ame~. Chern. Soc. 76, 850 (1954.). 















[1J R. 1. Kuczkowski, J. Amer. Chern. Soc. 86, 3617 (1964). 




Bond Substitution Effective Angle Effective 
5S 1.860 D 





One sulfur atom has rather small a and c coordinates, and the 
accond haa fl 3nHlU c coordinate, , .... hich degrades the rs S S diatancc. 
[lJ R. 1. Kuczkowski, J. Amer. Chern. Soc. 86, 3617 (1964). 
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Difluorosilylene 
(Silicon difluoride) 
BOlld Effective Equilibrium Angle Effective Equilibrium 
SiF 1.591.11. 1.590.11. FSiF 100.0 A 100.8 A 
L 1] H. Shoji, T. Tanaka and E. Hirota, J. Mol. Spectrosc. 47, 268 
(1973) . 
r2] V. M. Rao, R. F. Curl, Jr., P. 1. Timms and J. L. Margrave, 




Xe-F 1.977 B 
[1] S .Reichman .. nd F. Schreiner, J. Chern. Phyo. 51, 2355 (1969). 
Trifluorosiiane 





1.564 B FSiF 
lASS C ' 
108.3.11. 108.3 B 
[lJ A. R. Hoy, M. Bertram and 1. M. Mills, J. Mol. Spectrosc. 46, 
429 (1973). 
[2J G. A. Heath, 1. F. Thomas and J. Sheridan, Trans. Faraday 
Soc. 50. 779 (19S4). 



















[I] .1. Pasinski. f:. A. "Mr.M.hon And R. A. Beaudet, J. Mol. Spec 




Sir 2.387 D 
S;F bond gnd FSiF ansle were assumed. 
[lJ 1. C. 5ams, Jr., and A. W. jache, J. Chem. Phys. 47, 1314 
(1967) . 
Nitn;;gen Trifluorid .. 
Bond Effective Equilibrium Angle Effective Equilibrium 
NF 1.371 A 1.365 A FNF 102.2 A 102.4- A 
[lJ J. Sheridan and W. Gordy, Phys. Rev. 79, 513 (1950). 
[2J M. Otake, C. Malsumura, and Y. Morino, J. Mol. Spectrosc. 




Nitrogen Sulfur Trifluoride 
NSF. 
Substitution Effective Angle 




[IJ W. H. Kirchhoff and E. B. Wilson, Jr., J. Amer. Chern. Soc. 













[lJ R. H. Kagann, I. Ozier, and M. C. 1. Gerry, Chern. Phys. Lett. 
47; 572 (1977). 
[2J J. G. Smith, Mol. Phys. 32, 621 (1976). 
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Phosphorus trifluoride 
Bond Equilibrium Average Effective 
PF 1.561 A 1.565 A 1.563 A 
Angle Equilibrium Average Effective 
FPF 97.7 A 97.6 A 97.7 A 
[1J Y. Kawashima and A. I . Cox, J. Mol. Spectrosc. 65, 319 (1977). 
[2J E. Hirota and Y. Morino, J. Mol. Spectrosc. 33, 460 (1970). 
Thiophosphoryl Fluoride 
F,PS 
Bond Effective Angle Effective 
PS 1.87 E FPF 100.3 E 
PF 1.53 D 
















[lJ S. B. Pierce and C. D. Cornwell, J. Chern. Phys. 48, 2118 
(1968). 





Xenon Tetrafluoride Oxide 
OXeF. 
Substitution Effective Angle Effective 
1.703 D OXeF 91.8 C 
1.900 B 
[1J J. Martins and E. B. Wilson, Jr., J. Chern. Phys. 41,570 (1964). 
















The sulfur coordinate was a substitution coordinate. 
CI • 
Effective 
101. 5 C 
186.9 C 







1. 771 C 
1.682.C 
Fa Je--~Fe 








The selenium coordinate was a substitution coordinate. 
C •• 
[lJ 1. C. lIowater, 11. U. l:Srown, and r'. J:L lIurden, J. Mol. ~pec.· 
trose. 28, 4.54 (1968). 
lodogermdne 
GeH,I lGeH, Ca. 
Bond Effective 
Gel 2.508 B 
H,Ge projection on C, axis was assumed. 
[lJ S. N. Wolf and L. C. Krisher, J. Chem. Phys. 56, 1040 (1972). 
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Germane 
Bond Effective 
GeH 1.525 B 





GeSi 2.357 X 
Parameters for the GeHa and SiHa groups were assumed. 
II] A. P. Cox and R. Varma, J. Chern. Phys. 46, 1603 (1967). 
lodosilylene 
JlISi USH 
Bond Effective Angle 
Sil 2.451 B HSiI 
SiH distance assumed (1.561 
































Bond Substitution Angle Substitution 
NH 1.029 C HNS 115.8 C 
NS 1.512 C NSO 120.4 C 
SO 1.451 C 
[1J W. H. Kirchhoff, J. Amer. Chern. Soc. 91, 2437 (1969). 
cis-Nitrous Acid 
HNO. C. 
Bond Effective Angle Effective 
HOI 0.982 D O,NO. 113.6 D 
NOI 1.392 D HO,N 104.0 D 
NO. 1.185 D 
[IJ A. P. Cox, A. 1I. Brittain, and D. J. Finnegan, Trans. Faraday 
Soc. 67, 2179 (1971). 
frans-Nitrous Acid 
lINO, C. 
Bond Substitution Angle Substitution 
H-OI 0.958 C OINO, nO.7 C 
N-Ol 1.432 C tIOIN 102.1 C 
N-02 1.170 C 
[IJ A. P. Cox, A. H. Brittain and D. J. Finnegan, Trans. Faraday 
Soc. 67, 2179 (1971). 
[2J A. P. Cox and R. 1. Kuczkowski, J. Amer. Chern. Soc. 88, 
5071 (1966). 
J. Phys. Chem. Ref. Data, Vol. 8, No.3, 1979 




















[lJ A. P. Cox and 1. M. Riveros, J. Chern. Phys. 42,3106 (1965). 








N=N=N 1 2 0 
Effective Angle 
0.975 X RNJN, 
1.237 X 
1.133 X 




[lJ Ill. Winnewisser and R. L. Cook, J. Chern. Phys. 41, 999 (1964). 
Oxophosphine 
HOP HPO C. 
Bond Effective Angle Effective 
PO 1.512 B BPO 104·.7 C 
PH distance assumed (1.433 l\;. 
[lJ M. Lam Thanh and M. Peyron, J. Chern. Phys. 61, 1531 (1964). 













[lJ C. Matsumura and D. R. Lidc, Jr., J. Chern. Phys. 50, 71 (196-




Bond Effective Angle Effective 
HO 0.977 C HOO 104.1D 
00 1.335 C 
Ground state is 'A". 
[lJ Y. Beers and C. J. H01I'ard, J. Chern. Phys. 64, 1541 (1976). 
[2J J. T. Hougen, H. E. Radford, K. M. Evenson, and C. J. HowaT< 
J. Mol. Spectrosc. 56, 210 (1975). 
[3J Y. Beers and C. J. Howard, J. Chern. Phys. 63, 4212 (1975). 
[4J S. Saito, J. :'1101. Spectrosc. 65, 229 Cln!). 
Hydrogen Krypton(ljl} 




Mean value between center of I 
mass of II, and Kr atom I 
4.07 X 
[lJ A. R. W. McKellar and H. 1. Welsch, 1. Chern. Phys.55, 595 
(1971). 
Amidogen 
Bond Effective Angle Effective 
NH 1.024 C HNH 
Ground electronic state is 2B I • 
[lJ K. Dressler and D. A. Hamsay, Phil. Trans. Roy. Soc. (London) 
A251, 553 (1959). 




Distance Effective An/i1e Effective 
::'oJH 1.028 C fiNN 106.9 C 
N:'l 1.252 B 
L I] M. Carlotti, J. W. C. Johns and A. Trombetli, Can. J. Phys. 
52, 340 (1974). 
Nitramide 
l!,N,02 
Bond Effective Angle 
NN 1.427 X HNI! 
NH 1.005 X ONO 
'P" 
~ Angle between NIh and NN0 2 planes. 
[IJ J. K. Tyler, J. Mol. Spectrosc. 11, 39 (1963). 
Hydrogen Neon(i/l) 









Mean value between center of 
mass of f-h and Ne atom 
3.99 X 




Bond Effective \ Substitution Average Equilibrium 
OH 0.965 D I 0.959 C 0.972 A 0.958 A 
Angle Efl'ective Substitution A verage I Equilibrium 
HOH , 104.8 D 104.S C 104.5 A 104-.5 A 
I 
[1] R. 1. Cook, F. C. DeLucia and P. Helminger, J. Mol. Spectrosc. 
53.62 (19741. 
[2J W. S. Benedict, ::'oJ. Gailar, and E. K. Plyler, J. Chern. Phys. 
24, 1139 (1956). 
Wt:lt<1>r( + l} \on 
OH 0.999 C HOH llO.S B 
Ground electronic state is 2B!. 




Dihedral 120 X 
. a Average dihedral angle in the lowest (N = 0, T = 1,2) internal 
rotation states. 
[lJ W. C. OeIfke and W. Gordy, J. Chern. Phys. 51, 5336 (1969). 
Phosphino 
Bond Effective Angle Effective 
PH 1.418 C HPH 91.7 B 
Ground electronic state is 'B1• 
[1 ] H. 1'\. Dixon, G. Duxbury and D. A. Ramsay, Proc. Roy. Soc. 
(London) A296, 137 (1967). 
[2J .T. M. Bel'thou, B. Pasr.at. H. Gmmebaut and D. A. Ramsay, 
Can. J. Phys. 50, 2265 (1972). 
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Hydrogen Sulfide 
H.S 
Bond Effective Equilibrium Angle Effective Substitute 
HS 1.344 D 1.336 A HSH 92.2 D 92.1 A 
[lJ P. Helminger, R. L. Cook and F. DeLucia, J. Chem. Phys. 56, 
4581 (1972). 
[2J T. H. Edwards, N. K. Moncur and L. E. Snyder, J. Chem. Phys. 
46, 2139 (1967). 
Hydrogen Sulfide( + 1) Ion 
Bond Effective Angle Effective 
SH 1.358 C !ISH 92.9 B 
Ground electronic state is 2B,. 
[1J G. Duxbury, M. Horani and J. Rostas, Proc. Roy. Soc. (London) 
A331, 109 (1972). 
Hydrogen Disulfide (Disulfane) 
H,S2 HSSH C2 
Bond Effective Angle Effective 
55 2.058 B HS5 98.1 B 
SH 1.345 B Dihedral 90.8 B 
Parameters were recalculated from reported data. The SD dis· 
tance was assumed to be 0.003 A shorter than the SH distance. 
[IJ G. Winnewisser, J. Mol. Spectrosc. 41, 534 (1972). 
[2J G. Winnewi.""r. M_ Winn'"'wi .... r, Rnd W_ Gordy, J_ Chern. 
Phys. 49, 3465 (1968). 
J. Phys. Chem. Ref. Data, Val. 8, No.3. 197q 
Hydrogen Selenide 
Bond Effective Average Equilibrium 
HSe 1.469 D 1.475 A 1.460 A 
Angle Effective Average Equilibrium 
HSeH 90.9 D 90.6 A 90.6 A 
The effective structure was calculated from the rotational Cal 
stants of Ref. 1. The error is based on the spread in the dimensio 
calculated lrom the lA, lB; lB, lc; or lA, Ie pairs. The average strul 
ture is that of Ref. 2. The equilibrium constants are those of Ref. 1 
and, again the error is based on the spread in the dimensions 01 
tained from the various pairs of parameters. Lines from Ref. 3 wer 
i.ududed with il1fn:litiU UaL2i iu Ref.. 1 to ubtain the rOlatiuual curl 
stants. 
[1J R. A. Hill and T. H, Edwards, J. Chern. Phys. 42, 1391 (1965) 
[2J T. Oka and Y. Morino, J. Mol. Spectrosc. 8, 300 (1962). 




Bond Effective Angle Effective 
SiH 1.516 C HSiH 92.1 B 
[1J 1. Dubois, Can. J. Phys. 46, 2485 (196B). 
Hydrogen Telluride 
II2Te C2V 
Bond Effective Equilibrium Angle Effective Equilibrium 
lITe 1.653 D 1.658 B I HTeH 90.3 D 90.2 B 
[lJ N. K. Moncur, P. D. Willson, and T. H. Edwards, J. Mol-
Spectrosc. 52, 380 (1974). 
UMefined 
Effective 
M~;~' val~~, .between center of 
",,:;a~s'o{iI~' ~nd Xe atom" ' ...... ' .. 4: 25X 
[IJ A. R.W. McKellar andH:L Welsn?J.GlleIIl.pnys: 55, 595 
'.-' ' (1971). . 
lodosilcJne, 
Substitution Eirecti~e~ _ Angle Substitution .. Effective, 
2.437A 
1.~5B 
2 .. 437 A HSiI 
1.4?7 B 
107.8 A 108.4 B 
l±i:]R: Kewley; P.M;McKinneY,-and A: G. Robit:;tte; J. MoL Spec-
' i tro~c; 34, 390 CI970). . ...• '.' .' . .". 
[i] A.H. Sharba,ugh, G: A. Heath; L.F.Thomas,andJ.'Sheriuan, 
Nature ' (London) 171,' 87.,(1953)', 
-:;- • . ,:, '- ~;; .', '-,' ,..". - ;'0', 
, lodostannane 
CSV ' 
Bond .. E,ffective 
\1 
HNH 107.8 B 106.7 B 
[IJ W. S. Benedict andE. K. Plyler; Can. J. pnys. 35,1235 (1957). 
[2j I' . Helminger, F. C. DeLuCia. arid W. Gordy, J. MoL Spectrosc. 
39,94, (1971) . . - "" -" \, 
[3J Y. Morino, K. Kuchitsu andS. Yamamoto, Spectrochim. Acta 













1 .016 C 
1.453B 
0.962D .:,']; 
[lJ S. Tsunekawa, J. Phys. S~c. Japan, 33, 167 (1972). 
Phosphine 
. 
Bond Effective Average Angle Effective 
PH 1.440 A 1.427 A HPH 93.3 A 
Average 
93.3 A 
[1] F, Y. Chu and ,T: Oka,T. Chem.Phys~ '.60':4612 (1974}'. 
[2J A. G. Maki, R. L. Sams anq W. B. Olson, J. Chern. Phys. 58, 
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.. ,~ . 
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Stibine 
SbH. 
Bond Snbo""'inn E<",i., I_A_n_g_Ie __ S_li_bs_t_it_ll_ti_on __ E_ffi_ec_t_iv_e_ 
ShH 1.703 C 1.710 C I HSbH 91.5 C 91. 7 C 
[lJ P. Helminger, E. L. Beeson, Jr., and W. Gordy, Phys. Rev. A 
3, 122 (1971). 




Bond Effective Angle Effecrive 
NH 1.008 D HNH 113.3 D 
NN 1.447 B HNN 109.2D 
q," 88.9 D 
NH bonds and HNH bond angles have been assumed to be identi· 
cal. 
" Dihedral angle. 
[lJ S. Tsunekawa, 1. Phys. Soc. Japan 41, 2077 (1976). 
[2J T. Kasuya, Sci. Pap. Inst. 1'hY5. Chern. Res. Tokyo 56, 1 (1962). 
Water dimer 
H,02 C. 
Assuming unchanged monomer geometry, the 0 ... 0 distance 
is reported as 2.98 (X), and the angle 0 is 58° (X). 
[lJ T. R. Dyke, K, M. Mack and J. S. Muenler, J. Chern. Phys. 
66, '~98 {1977). 








1.414- C HlPI' 








"Dihedral angle measured from cis position. Hydrogens num-
bered H, are the nearly eclipsed pair. 
[lJ J. R. Durig, 1. A. Carreira and J. D. Odom, J. Amer. Chern. 
Soc. 96, 2688 (1974). 
Silane 
Bond Effective Substitution 
SiH 1.481 A 1.479 A 
~lJ M. Dang.Nhu, G. Pierre and R. Saint.Loup, Mol. Phys. 28, 
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SnR 1. 711 B 




Bond Effective Angle Effective 
SiSi 2.327 C HSiH 107.8 C 
SiH and SiD dislllnees were assumed. 
[1] K. C. Shelton, i,. G. Lee and W. J. Jones, J. Raman. Spectrosc. 
l,243 (197:3). 
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Nitrogen Dioxide 
Bond Substitution Average Angle Substitution Average 
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[2J C. A. Burrus and W. Gordy, Phys. Rev. 101,599 (1956). 
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Soc. 65, 1963 (1969). 
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Phys. 60, 5000 (1974). 
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The effective parameters were calculated from :reported data. 
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Distances and angles were recalculated trom reported rotaticmal 
constants. 
[lJ R. Hamm, H. J. Kohrmann, H. Gunther and W. Zeil, Z. Natur-
forsch. 31a, 594 (1976). 
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Chlorine Isocyanate 
CCINO CINCO C. 
Bond Substitution Angle Substitution 
CIN 1. 705 B CINC 118.8 C 
NC 1.226 B NCO- 170.9 C 
CO 1.162 B 
• CI and 0 are trans. 
[lJ W. H. Hocking and M. C. L. Gerry, J. Mol. Spectrosc. 42, 547 
(1972) • 
[2J W. H. Hocking, M. L. Williams and M. C. L. Gerry, J. Mol. 
Spectr05c. 58, 250 (1975). 
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(Carbonyl chloride or phosgene) 
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[lJ M. W. Long, Q. Williams, and T. L. Weatherly, J. Chern. 
Phy •. :I:I,SOR (lQOO) 
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Cyanogen Fluoride 
em FeN C('Q'V 
Bond Substitution Effective 
CF 1.262 B 
CN 1.159 B 




Bond Effective Average Angle Effective Average 
CF 1.30 C 1.304 A FCF 10·1-.9 C 104.8 A 
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trosc. 47, 491 (1973). 
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• The cyanide is tilted away from the NF, moiety. 










CF,O COF. C'V 
Bond Effective Substitution" Average 
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"Bond shortening correction to moments was applied prior to 
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Triflueronitrosomethc:rne 
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CH 1.096 B HCel 109.9 D 
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CICH angle was a8sumed equal to the FCH all!!le. 
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-----------------------------------------
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[lJ J. K. Tylcr, J. Chern. Phys. 40, 1170 (1964). 
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If monomer moieties are chosen as in the free monomers, NF 
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(Trifluoromethyl)phosphine 
CH,F3P C, 
Bond Effective AngJe Elrective 
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CH 1.095 C 
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Choromethane 
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• Angle between in-plane CH bond and methyl top axis. 
[I] A. Guarnieri, L. Charpentier and B. Kuck, Z. Nulurrur.~h. 
28a, 1721 (1973). 
[2J A. Guarnieri, Z. Naturforsch. 23a, 1867 (1968)_ 
Methyltrichlorogermane 
CH,CI3Ge H,CGeCh Ca. 
Bond Substitution Angle Substitution 
CeCl . 2.135 C CGeel 106.0 C 











Methyl group was assumed to be tetrahedral with CH 1.093, 
and angle CISiCl was fixed at 109.4. 
[lJ R. C. Mockler, J. H. Bailey and W. Gordy, J. Chern. Phys. 
21,1710 (1953). 




BOllll SuL~titu1ivu Sub:5titution 
CF 1.383 A lIell 1l0.6 B. 
CH 1.100 B 
[IJ W. W. Clark and F. C. DeLucia, J. Mol. Struct. 32, 29 (1976). 
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Methanesulfonyl Fluoride 
Except for :!iymmctry nO' structural results were obta.ined. 







H " ~/'-N", ~ .... 












CH and CHi assumed equal. 









[I] 1. Pierce. R. Hayes. and J. Beecher. J. Chern. Phys. 46. 4352 
(1967) . 
Phosphorodifluoridous acid methyl ester 
(Methoxydifluorophosphinc) 
CH aF20P 
Bond Effective Angle Effective 
Pl!' l.tlYl C fPF 94.8 D 
PO 1.560 D OPF 102.2 D 
CO- 1.446 B COP 123.7 C 
eH 1.090 C HCH nO.5 D 
- This distance is rs. 
C. 
[IJ E. G. Codding, C. E. Jones and R. H. Schwendeman, Inorg. 
Chern. 13, 178 (1974,). 
Methyldifluorophosphine 
CH~F2P CH,PF2 C .. 
Bond Effective Angle Effective 
CH 1.093- PCH 109.7" 
PF 1.582- FPF 98.4 C 
PC 1.825 D FPC 97.8C 
a Assumed values. 
[lJ E. G. Coddiug, R. A. Creswell and R. H. Schwendeman, Inorg. 




























[1J R. Varma and K. S. Buckton, J. Chern. Phys., 'Mi, 1565 (1967). 
lodomethylmercury 
HaCHgI 
Bond Substitution Effective Angle Effective 
HgC 2.077 C 2.069 C HCH 109.6 C 
HgI 2.S71C 2.588 C 
CH 1.095 C 
[1J C. Walls, D. G. Lister, and J. Sheridan, J. Chern. Soc., Fara-
day T,ans., 71,1091 (1975). 
J. Phvs. Chern. Ref. Dala, Vol. 8, No.3, 1919 













[IJ H. Matsuura and J. Overend, J. Chern. Phys. 56, 5725 (1972). 
[2J H. Matsuura and J. Overenu, Spectrochim. Acta 27 A, 2165 
(1971) . 
[3 J H. Matsuura, T. Nakagawa and J. Overend, J. Chern. Phys. 
59,1449 (1973). 
[4J R. J. L. Popplewell and H. W. Thompson, Spectrochim. Acta 
25A, 237 (1969). 
[5J T. 1. Barnett and T. H. Edwards, J. Mol. Spectrosc. 23, 302 
(1967) . 
[6J Y. Morino and C. Hirose, J. Mol. Spectrosc. 22,99 (1967). 
[7J T. E. Sullivan and 1. Frenkel, J. Mol. Spectrosc. 39, 185 
(1971) . 
[OJ n. W. retcl~oon and T. II. Edw~rdo, J. Mol. Spectrooc. 33, 1 
(1971) . 
[9J E. W. Jones, R. J. 1.. Popplewell and H. W. Thompson, Proc. 
Roy. Soc. A288, 39 (1965). 


























1~;~ A x. 
119.7 X 
Small b coordinates of C and N leau to large structural uncer· 
tainties. 
[lJ R. Pearson, Jr. and F. 1. Lovas, 1. Chern. Ph}"5. 66, 4149 (1977). 
[2J D. H. Johnson and F. J. Lovas, Chem. Phl's. Lett. 15, 65 (1972). 




















[lJ 1. l'i. Levine, J. Chern. Phys., 38, 2326 (1963). 
[2= I. N. Levine, J. Mol. Spectr., 8, 276 (1962). 
Formamide 
CHaNO 
Bond Substitution Angle 
eN 1.352 D HINl:b 
CO 1.219 D HINC 
CIf 1.098 D NCO 
I'lHI 1.002 C NCH 













The molecule has been assumed to be planar, with a low-frequency 
single-minimum amino wagging potential function. Several small 
coordinates cause additional difficulties. The structure results above 
are a hybrid of -NH, and -ND, results. 
n I E. Hirota, R. Sugisaki, C. J. Nielsen and G. O. Sorensen, J. 
MoL Spectrosc. 49, 251 (1974). 
[2J C. C. Costain and J. M. Dowling, J. Chern. Phys. 32,158 (1960). 
[3J R. J. Kurland and E. 13. Wilson, Jr., J. Chem. Phys. 27, 585 
(1957) . 
CHaNO 
Isotopic su hSi i I" I 
N=O bond. 
Nitrosomethane 
IU:··1\ II c, 
,1"",,·01 111:11 Ihe methyl group eclipsed the 
=1] D. (:"1',,. r' (). 1" ,II "'") J. E. .Boggs, J. Chern. Phys. 49, 591 
. !(j(,:.;, 
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Methyl Thionylamine 
CH3NOS C. 
flnel " Effective 
CNS 122 X 
Only one isotopic species was studied. 
[1~ V. M. Rao, J. T. Yardley, and R. F. Curl, Jr., J. Chern. Phys. 
















[lJ M. C. L. Gerry, 1. C. Thompson, and T. M. Sugden, Nature 
















CH bond length was assumed (l.088 











1.095 C R.CH. 
1.088 C H,CO 
1.437 B H.CO 
1.402 B CON 
1.205 B Otl'W. 









Heavy atoms are coplanar. Methyl group is tilted away from 02 
by 4.8::1: 1°. Axis of NO. group is also tilted away from GH a group 
by 2.9°. s and a refer to in.plane and out.of.plane, rcspecliveiy. 
[lJ A. P. Cox and S. Waring, Trans. Faraday Soc. 67,3411 (1971). 










1.002 C H.NR, 
0.99 D HeNG 
1.358 B H,I\'C 
1.626 B 2'lCS 










Several parameters have been recomputed from reported data. 
[1J R. Sugisaki, T. Tanaka, and E. Hirota, J. Mol. Spectrosc. 49, 
241 (1974). 
J. Phys. Chem: Ref. Dolo, Vol. 8, No.3, 111'711' 









1. 714 C 
1.489 B 







[lJ D. R. Jenkins, R. Kewley, and T. M. Sugden, Trans. Faraday 















[lJ J. Sheridan and A. C. Turner, Proe. Chern. Soc. 1960, 21 
(1960). 
r21:N. Muller and R. C. Bracken, J. Chern. Phys. 32. 1577 (1960). 
Methane 
CH. 
Bond Effective Substitution 
CH 1.094 A 1.092 A 
The To distance was calculated from the Bn value of RIlf. 1. Th" 
substitution distance was calculated from the data of Ref. 1 and the 
Ao and Bo reported in Ref. 2 for CHaD. 
[lJ G. Tarrago, M. Dang.Nhu and G. Poussigue, J. Mol. Spectrosc. 
49, 322 (1974). 
[2J W. B. Olson, 1. Mol. Spectrosc. 43,190 (1972). 













Deuterium substitution indicated a staggered methyl group can. 
formation as shown in the figure. 
[IJ A. M. Mirri and W. Caminati, J. Mol. Spectrosc. 47, 204 (1973). 




Bond Effective Angle 
SiC 1.850" SiCH 
SiH 1.467" CSiH 
CH 1.093" CSiCl 
SiCI 2.040 X ClSiCl 
Methyl group was assumed to be symmetrical. 







[IJ K. Endo, H. Takeo and C. Matsumura, Bull. Chern. Soc. Japan 
























[lJ 1. C. Krisher and L. Pierce, J. Chern. Phys. 32, 1619 (1960). 
[2J J. D. Swalen and B. P. Stoicheff, J. Chern. Phys. 28, 671 
(1958) . 
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trans-Methyldiimide 
CHaNNH C. 
Insufficient data for structure determination. Only trans con· 
former found. 
[lJ W. Steinmetz, J. Chern. Phys. 52, 2788 (1970). 
Methanol 






















CHa internal rotation axis and CO line; tilt is 
on group. 
[lJ M. C. L. Gerry and R. M. Lees, J. Mol. Spectrosc. 61, 231 
(1976) . 
[2J R. M. Lees and J. G. Baker, J. Chem. Phys. 48, 5299 (1968). 




Bond EITective Angle 
SH 1.335 X csn 
CS 1.819 X HCH 
CH 1.092 X Methyl tilt' 
• See methanol for definition. 
[lJ T. Kojima, J. Phys. Soc. Japan 15, 1284 (1960). 
Methaneselenol 
CH.Se CEhSeH 
Bond Effective Angle 
SeH 1.47 X CSeH 
CS" 1.96 X HeB 









rotation analysis indicated methyl group tilt of 1.5 ± 
1.0°. See methanol for definition. 
[lJ C. H. Thomas, J. Chern. Phys. 59, 70 (1974). 
Chloromethylsilane 
ClloClSi 
Bond Substitution Angle 
CSi 1.889 C SiCCI 
CCI 1. 788 C HSiII 
CH 1.096 C HCH 
SiH 1.477 B SiCH 















Substitution Effective Angle 
1.925 B FGeC 
1. 751 D HCH 





GeH HGeH = 110°, and CGeH = 108.9° were as· 
sumed in order to determine GeF and FGeC. The CHa group was 
<1bbUlilCU to Lt': ~ynllnetrjcal. There i~ evidence from the internal 
rotation that the CHa group is tilted 1.9 0 toward the F atom. 
[lJ R. F. Roberts, R. Varma, and J. F. Nelson, J. Chern Phys. 64, 
5035 (1976). 
Methylfluorosilane 
CH,FSi ClhSiHiF C, 
Bond Substitution Angle Substitution 
SiC 1.84·9 B HSiH 110.0 B 
SiF 1.597 B CSiH 112.5 D 
SiH 1.477 B HCH 108.5 B 
CH 1.099 B CSiF 108.9 B 
Axial symmetry of CHa group was assumed. 
[lJ L. C. Krishner and L. Pierce, J. Chern. Phys. 32, 1619 (1960). 


















[IJV. W. Laurie, ]. ,Chern. Phys. ~O,121O (1959). 
Methylhydrazine 
Ii~' , 9 " , ;~Ii~ ! 
, -'-- , -.; 
"., . ~ . 
outer rotamer. 
, [lJ R. P. Lattimer and l\f; D:HarillollY, 1. Chern. Phys'. 53; 
(1970). 
, ,Mefhylhydrdzine ' 
- /, '. <' -
Angle Effective 
f) 83.3 X 
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Methylsilane 
CHaSi CHaSiH, Cav 
Bond Substitution Effective Angle Effective 
SiC 1.869 A HCH 107.7 C 
CH 1.093 B HSiH 108.2 C 
SiH 1.485 B 
[IJ R. W. Kilb and 1. Pierce, J. Chem. Phys. 27,108 (1957). 
Methylstannar:te 
CH6Sn CH,SnHa Cav 
Bond Effective Angle Effective 
CSn 2.143 X HCH 109.5 X 
SnH 1. 700 X HSnH 109.5 X 
CH 1.09 X 




B2Ba 1.872 B 
B2B6 1.888 B 
B.B5 1. 716 B 
BoB. 1.698 B 
B2C 1.599 B 
B.C 1.633 B 
The C atom and each B atom are bonded to an H atom. The seventh 
Hatom was found to be a bridged atom in the B~,B6 facc. 
[IJ G. 1. McKown, B. P. Don, R. A. Beaudet, P. J. Vergamini, and 
L. H, Jones, J~ Amer. Chern. Soc. 98, 6909 (1976). . 
[2J G. L. McKown, B. P. Don, R. A. Beaudet, P. J. Vergamini. 
and L. H. Jones, J. Chern. Soc., Chem. Commun. 1974, 765 
(1974) . 
Methylphosphine~borane 
H. Ha Ha H. . 
\! \! 
B C", 




Bond Substitution Angle Substitution 
CR, 1.098.D H.BH. 116.1 C 
CH. 1.087 B H.BH., 112.3 C 
BH. 1.229 C HnCH. 110.4 D 
BHB 1.234 C H.CH., 108.1 B 
PC 1.809 B HPH' 99.9 C 
PB 1.906 B HPC 103.2 C 
PH 1.404 B CPB 115.7 B 
HPB 116.3 C 
PBH. 102.9 C 
PBH. I04.2C 
PCR. 108.3 B 
PCB, 111.3 D 
Subscripts a and s refer to and in-plane atoms, 
respectively. 
[1J P. S. Bryan and R. L. Kuczkowski, Inorg. Chem.n, 553 (1972). 
2~Carbahexaborane (9) 
CH,B. C, 
Bond Substitution Angle Substitution 
B3B, I. 759 B BaB,B, 59.ll C 
B.B, 1.830 B B,B,B, 65.57 C 
B,Ba I. 782 B B,B,B. ·103.9 C 
B,B4 1. 781 C 
[1: Chun-Chung S. Cheung and R. A. Beaudet, Inorg. Chern. 10, 
1144 (1971). 
J. Phys. Chem. Ref. Dala, Vol. 8, No.3, 1979 









[lJ E. A. Cohen and R. A. Beaudet, J. Chern. Phys. 48, 1220 (1968). 
Trimethylphosphine-borane 
Substitu· Substitu· 
Bond tion Effective Angle tion Effective 
PB 
PC 
BH 1.212 e 
1.901 D 'I 
1. 819 D 
I 
CPC 
BBH 113.5 B 
105.0 D 
Methyl groups were assumed to be symmetrical and until ted, 
with CH = 1.080 and HCH 109.3. 
[lJ P. S. Bryan and R. L. Kuczkowski, lnorg. Chern. n, 553 (1972). 
Cyanogen iodide 
eIN ICN C~V 
Bond Substitution 
CI 1.994 B 
CN 1.159 A 
J. Sheridan, Trans. Faraday Soc. 89, 2661 




N"'O 2.41 D 
Ground electronic stale is 2JT;. 




N .. • S 2.82 D 
Ground electronic state is 2JT;. 




CN 1.232 A 
Ground electronic state is 3::;.-. 
[IJ G. Herzberg and D. N. Travis, Can. J. Phys. 42, 1658 (1964). 
Nitrol'iyl cyanide 
C:'hO C. 
Bond Effective Angle Effective 
N,C 1.170 C NCN 172.5 E 
CN, 1.401 C CNO 114.7 D 
NO 1.228 C 
Conclusive evidence for planarity was not presented. 
[lJ R. Dickinson, G. W. Kirby, 1. G. Sweeny and J. K. Tyler, J. 
Chern. Soc. Chern. Comm. 1973, 241 (1973). 


















• Derived with assumptions that N2N 3N. linkage is linear and 
N3N, is 1.133 O.OlA. 
b NL bent away from Nalinkage. 
[lJ K. Bolton, R. D. Brown and F. R. Burden, Chern. Phys. Lett. 
15, 79 (1972).-
[2J C. C. Costain and H. W. Kroto, Can. J. Phys. 50,1453 (1972). 
L3..: G. L. Hlackman, K. Holton, 1(, V. tlrown, ,L K. J:lurden, and 













[IJ Y. Morino and C. Matsumura, Bull. Chern. Soc. Japan 40, 
1095 (1967). 














Bond Effective Equilibrium 
co 1.162 A 1.160 A 
[1J C. P. Courtoy, Can. J. Phys. 35, 608 (1957). 
[2J C. P. Courtoy, Ann. Soc. Sci. Bru,,-. 73, 5 (1959). 
Carbon Dioxide( + 1) Ion 
OCO' 
Bond Effective 
co 1.177 A 
C-round -electronic st.Q.te i~ 2II. 
[lJ F. Bueso·Sanllehi, Phys.Rev. 60, 556 (1941). 
[2J S. Mrozowski, Phys. Rev. 60, 730 (1941). 
[~J S. Mrozowski, Phys. Rev. 62, 270 (1942). 























[lJ W. A. Ha~dy and G. Silvey, Phys. Rev. 95, 385 (1954). 
J. Phys. Chem. Ref. Data, Vol. 8, No.3, 1979 
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Carbon Disulfide 
cs, scs 
Bond Effective Equilibrium 
CS 1.554 A 1.553 A 
[lJ G. Blanquet, 1. Walrand and C. P. Courtoy, Ann. Soc. Sci. 
Brux. 88, 87 (1974). 
[2J A. G. Maki and R. 1. Sams, J. Mol. Spectrosc. 52, 233 (1974). 
Cnrbon Disulfld@(+') Ion 
SCS+ 
l:Iond Effective 
CS 1.554 A 
Ground electronic state is 2rr •. 















[lJ A. Bjorseth, E. Kloster·Jensen, K. M. Marstokk and H. Mol· 
lendal, J. Mol. Struet. 6, 181 (1970). 
















[lJ R. Holm, M. Mitzlaff and H. Hartmann, Z. Naturforsch. 23a, 
1040 (1968). 
J. PhY$. Chem. Ref. Data, Vol. 8, No.3, 1979 
Trichloroacetonitrile 
Cl,CCN C,. 
Bond Effective Angle Effective 
cel 1.771 E CCCI 108.9 E 
CN and CC bond lengths assumed. 
[lJ A. S. Rajan, Proe. Indian Acad. Sci. 53, 89 (1961). 
Trifluoroacetonitrile 
CJ'aN CF.CN Ca. 
Bond Effective Angle Effective 
eN 1.158" FCF 108.0' 
CF 1.335 X 
CC 1.464 X 
• Assumed parameters. 




Bond Substitution Angle Substitution 
CC 1.206 A FBF 116.5 C 
CB 1.513 B 
CH 1.058 B 
BF 1.323 C 
The fluorine parameters are not strictly substitution, since one 
moment of inertia relation was soh'ed dlrec!ly to obtain x coordmates. 
[lJ W. J. Lafferty and J. J. Ritter, J. Mol. Spectrose. 38,181 (1971). 
[2J W. J. Lafferty and J. J. Ritter, Chern. Comm. 1969, 909 (1969). 
Bromoacetylene 
C2HBr HC==CBr C",v 
Bond Substitution Effective 
CH 1. 051 C 
CC 1.216 C 
CBr 1. 784 C 
H··· Br 4.051 A 
[lJ H. Jones, N. L. Owen, J. Sheridan, Nature 213, 175 (1967). 






























Authors checked C1 coordinate by double·substitution method, 
since atom is close to C. of M. Agreement is well within experi· 
mental limits. 
[1J J. K. Tyler and J. Sheridan, Trans. Faraday Soc. 89, 2661 
(1963). 




CI 1.988 X 
In order to obtain the C-I distance it was necessary to assume 
both the C==C and C-H' bond distances. The unknown uncertainty 
in the assumptions makes it difficult to gauge the uncertainty in 
in the Cl distance. 




Bond Substitution Effective Angle. Effective 
C2N1 1.16:::; X C.C,N. 119.5 X 
C,C1 1.424 X HCtC, 117 X 
C1N, 1.280 C 
NzJ~a 1.132 X 
Linearity of C,N,Na was assumed. CH bond assumed. 












[IJ W. J. Lafferty and R. J. Thibault, 1. Mol. Spectrosc. 14,.79 
(1964). 
[2J T. A. Wiggins, E. K. Plyler and E. D. Tidwell, J. Opt. Soc. Am. 
51, 1219 (1961). 
[3J E. K. Plyler, E. D. Tidwell and T. A. Wiggins, J. Opt. Soc. Am. 
53,589 (1903). 
[4J W. J. Lafferty, E. K. Plyler and E. D. Tidwell, J. Chern. Phys. 
37, 1981 (1962). 








1.158 X CCBr 
1.901 X CCH 







[lJ M.1. Gum and J. D. Graybeal, J. Mol. Spectrosc. 62, 364 (1976). 
J. Phy •• Cham. Ref. Dala, Vol. 8, No.3, 1979 
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l-Chloro-l-f1uoroethylene 
Cill2CIF Ji2(:=CCIF C. 
Bond Effective Ang!e Effective 
CC 1.315 X CCH 120.0 X 
CH 1.079 X CCF 123.9 X 
CF 1.325 X CCC! 124.5 X 
CCI 1. 725 X 











CIC2 and C'II." bond length. acoumcd. c'e' a •• umed Iiueal". 
[IJ K. Wada, Y. Kikuchi, C. Matsumura, E. Hirota, and Y. Morino. 




Bond tion Effective Angle tion Effective 
CC 1.315 D HCH 121.1 C 
CH 1.074 C FCF 109.0 D 
CF 1.323 D 




















[lJ V. W. Lauri" and n. l' P .. nce, J. Chern. Phyc. 39, 2693 (1963). 
J. Phys. Chern. Ref. Dolo, Vol. 8, No.3, 1979 
frans-Fluoroacetyl fluoride 
H F H,.\ / 
'c-c 
/ \" F 0 
c, 
No detailed structural information is available. A less stable 
(910 cal mol-I) cis rotamer was also definitely identi£ed. 
[IJ E. Saegebarth and E. B. Wilson, Jr., J. Chern. Phys. 46, 3088 
(1967). 
Hydrogen cyanide dimer 
HCN .. • HCN Ceo. 
Assuming unchanged monomer geometry, the N ••• C distance 
is reported to be 3.23 A. 
LIJ A. C. Legan, D. J. Millen and P. 1. Mjoberg, Chern. Phys. Lett. 





























[1] E. Saegebarth and A. P. Cox, J. Chern. Phys. 43, 166 (1965). 
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1,3,4-0xadiaxole 1,2,5-Thiadiaxole 
Cill2~bO 
Bond Substitution Angle Substitution Cill.N.S 
CO 1.348 B 
CN 1.297 C 
NN l.B99 B 











[1J 1. Nygaard, R. L. Hansen, J. T. Nielsen, J. Rastrup-Andersen, 





- Angle SuhEltituliUll 
SN, 1.649 A C,SN, 92.81\ 
N,C, 1.317 A SN,C, 107.1 A 
C,N. 1.366 A N,C,N. 120.1 A 
N.C, 1.313 A C,N.C, 107.7 A 
C,S L707 A N,C.S 112.3 A 
Cill 1.078 B SC.H 123.9 B 
C,H 1.078 (Assumed) N,C,H 119.9 (Assumed) 
Small coordinates were present, but abundance of isotopic data 
yield. hi6h reliability to the otruotural paramctcra. 















































[1J 1. Nygaard, R. Lykke Hansen, and G. O. S¢rensen, J. Mol. 
Struct.9,163 (1971). 
[2J B. Bak, 1. Nygaard, E. J. Pedersen, and J. Rastrup-Andersen, 






Planar molecule with C,v symmetry established. 
[lJ G. 1. Blackman, R. D. Brown, F. R. Burden, and J. E. Kent, 
Chern. Phys. Lett. 1, 379 (1967). 
J. Phys. Chem. Ref. Data, Veil. 8, No.3, 1979 
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1,3,4-Selenadia:z:ole 
A planar molecule with CZv symmetry is definitely established. 








Bond Substitution Angle Substitution 
CH 1.07 D ::-lCN 124.6 D 
CN 1.338 D 
NN 1.330 D 




Bond Substitution Effective Angle Effective 
CO 1.161 B HCH 122.2 B 
CC 1.314 B 
CH 1.077 B 
[1J J. W. C. Johns, J. M. R. Stone and C. Winne"isser, J. Mol. 
Spectrosc. 42, 523 (1972). 
[2J A. P. Cox, L. F. Thomas and J. Sheridan, Spectrochim. Acta 
15,542 (1959). 
[RJ 1. Shp.r;thn, Molecular Spectroscopy Pergam011 Pre"", New York 
1959, pp. 139-147. 
[4J H. R. Johnson and M. W. P. Strandberg, 1. Chern. Phys. 20, 
687 (1952). 








\ l C-C 








[lJ A. R. H. Cole, Y. S. Li and J. R. Durig, J. Mol. Spectrosc. 61, 
346 (1976). 









Bond Effective Angle Effective 
CH 1 . .109 C CCH llS.5 E 
CC 1.527 D CCO 121.1 A 
CO 1.202 D 
[IJ F. W. Birss, D. B. Braund, A. R. H. Cole, R. Engleman, Jr., 
A. A. Green, S. M. Japar, R. Nanes, B. J. Orr, D. A. Ramsay, 










1.184 B O,C,03 
1.101 B H,C,03 
1.389 B C,03C~ 
1.364 A IhC203 









[lJ S. Vaccani, U. Roos, A. Bauder and Hs. H. Giinthard, Chern. 
Phys. 19, 51 (1977). 

































[IJ 1. Christiansen, K. M. Marstokk and H. Mollendal, J. Mol. 
Struct. 30, 137 (1976). 












1.904· D CCBr 
1.334· B CCH I 
1.074 B CCH, 
1.070 X CCIL 
1.084 C 




121. 7 B 
[1J H. E. Goedertier, J. Physique 24, 633 (1963). 
3-Meth yl-3-bro m odiazi ri ne 
Br(CHa)C-N=N 
Bond 
NN 1.240 C 





c-c H-1 \ 
H Br 
CiHaBrO 
Bond Average Angle Average 
CO 1.181 B OCBr 122.3 D 
CBr 1.974 B CCBr 
cc 1.::;16 D HCa 
CH 1.092" q,b 
Methyl group has been assumed to be symmetrical. 
• Assumed value from acetyl chloride. 




[1J S. Tsuchiya and T. lijima, J. Mol. Slruet. 13, 327 (1972). 
[2J 1. C. Krisher, J. Chern. Phys. 33, 1237 (1970). 
Methylbromoform 
Bond Effective Angle Effective 
CBr 1.927 D CCBr 107.7 D 
C, 
Methy! group structure and CC distance were assumed from 
analogous molecules. 






























The CeG! angle and the distances and angles involving the H 
atoms have been recalculated from the original data. 
[lJ D. Kivelson, E. B. Wilson, Jr., and D. R. Lide, Jr., J. Chern. 
Phys. 32, 205 (1960). 
J. Phys. Chern. Ref. Data, Vol. Ii, No.3, 1979 




































Methyl group has been assumed to be symmetrical. 
• :Methyl group tilt angle; toward the oxygen. 
Average 
1.505 B 








[lJ S. Tsuchiya and T. Iijima, J. Mol. Struct. 13, 327 (1972). 
[2J K. M. Sinnott, J. Chern. Phys. 34, 851 (1961). 
Chloroacetic acid 
C.H.ClOz 
Only the conformation has been reliably established. 
C. 
c. 
[lJ B. P. Van Eijck, A. A. J. Maagdenberg and J. Wanrooy, J. Mol. 
Struct., 22, 61 (1974). 




Bond tion Effective Angle tion Effective 
C2C1 1.73 D CIC202 126 D 
C201 1.36 D 0lC20 2 125 D 
CI0 1 1.43 D CIOIC2 115D 
CIH. 1.072 C OICIH. 105 D 
CIH. 1.076 C OICIH. 1l0D 
H.C1H. 111.1 C 
H.C,H. 110.4 e 
The effective parameters were calculated under the assumption 
that the C.O. bond length is 1.19 A. 
[lJ J. R. Durig ap.d M. C. Criffin, J. Mol. Spectroc.,. 61, 252 (1977). 
[2J D. G. Lister and N. 1. Owen, J. Chern. Soc. Faraday Trans. II 
69, 1036 (1973). 
Methylchloroform 
C,HaCI, H3CCCIa C,. 
Bond Effective Angle Effective 
CH 1.090 D HCH 110.0 D 
CC 1.541 D CCH 108.9 D 
CCI 1. 771 D CICCI 109.4 D 
eCCI 109.6 D 
[lJ R. Holm, M. Mitzlaff and H. Hartmann, Z. Naturforsch. 23A, 
3071 (1968). 
[2J 1. R. During, M. M. Chen and Y. S. Li, 1. Mol. Struet. 15, 37 
(1973 ). 
[3J S. N. Ghosh, R. Tramburulo and W. Gordy, J. Chem. Phys. 20, 
605 (1952). 
[4J W. Zeil, Z. Elektrochern. 60,752 (1956). 
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fluoroethylene (Vinyl Fluoride) 
CJI3F C. 
Substitu- Substitu-
Bond tion Effective Angle tion Effective 
CIC,· 1.329 D FCC 120.8 D 
C,F 1.34-7 D FeH, llO~O Fe 
CII~h 1.082 D H,CC' 120.9 D 
CJI, 1.087 C HaCC' 119.0 D 
Cilia 1.077 C HaC,H, 120.1 C 
• These parameters are near-suhstitutio:1 values. All coordinates 
except one coordinate of C1 are substitution values. 












1.502 B CCF 
1.343 D CCO 
1.185 C CCHi 
1.082 C CCH. 










Hi and H. rerer to in plane and out of plane hydrogens. The oxygen 
atom eclipses a methyl hydrogen. 
[lJ L. Pierce and L. C. Krisher, J. Chem. Phys. 31, 875 (1959). 
cis-Fluoroacetic acid 
.c. 
cis conformer definitely established from microwave spectra, but 
insufficient data are available for detailed structure determination. 
[11 B. P. vaIl Eiick, C. van der Plaats and P. H. van Roon, J. Mol. 






The existence of both cis and trans forms has been definitely 
Jished from microwave spectra. 
a These are non-bonding distances. 
C. 
[lJ B. P .... o.n Eljck, C. V<rn (lor Ph .. ts and p~ n~ ""'n "Rnn". j~ 'Mn). 
Struct. II, 67 (1972). 
1,1,2-Trifluoroethane 
HF~C-CHJ' 
'l'he stable conformation was shown to be the unsymmetrical 
gauche form. 
[lJ 1. A. Mukhtarov, Soviet Phys. Doklady 8, 72 (1963). 
[2J 1. A. Mukhtarov, Soviet Phys. Doklady 8, 808 (1964). 
Acetonitrile 
Cili~N CHaCN Cav 
Bond Substitution Angle Substitution 
CN 1.157 B HCC 109.5 B 
CC 1.458 B DeC 109.5 B 
CH 1.104 B 
[1J C. C. Costain, J. Chern. Phys., 29, 864 (1968). 
[2J C. Matsumura, E. Hirota, T. Oka, and Y. Morino, I. Mol. 












[IJ H. K. Bodenseh and K. Morgenstern, Z. Naturforsch. A 25, 
150 (1970). 
J. Phy •• Chem. Ref. Datci, Vol. 8, No_ 3,1979 
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Nitroethylene 
c. 
Molecule was shown to be planar. 
[lJ H. Hess, A. Bander and Hs. H. Gunthard, J. Mol. Speetrose. 
22, 208 (1967). 
1,2,4-Triazole 
C. 
Unsymmetrical form is principal species in vapor phase. Mole· 
cule is essentially planar. 
[1 J K. Bolton, R. D. Brown, F. R. Burden, and A. Mishra, J. Mol. 
Struet. 27, 261 (1975). 
[2J K. Bolton, R. D. Brown, F. R. Burden, and A. Mishra, Chern. 












LIJ J. L. Uunean, 1. J. Wright and D. Van Lergerghe, 1. Mol. Spec!· 
rosc. 4,2, 463 (1972). 
[2J D. Van Lerberghe, 1. J. Wright and J. 1. Duncan, J. Mol. 
Spectrosc. 42, 251 (1972). 
l-Chloro-2-f1uoroethane 
The observed spectrum indicated a gauche rotamer with a (CCF)-
(CCCI) dihedral angle of 68 0 (X). 
[lJ I. A. MukhtaroY, E. S. Mukhtarov and L. A. Akhundova, J. 
Struet. Chern. 7, 565 (1966). 
2-Fluoroacetamide 
c. 
Microwave riM.? Ahnwp.n th~t ihp: heAvy Atom skeleton and the 
amino hydrogens lie in a plane, and that the C=O and C-F bonds 
were in the trans conformation. 
[lJ K. M. Marstokk and H. Mollendal, J. Mol. Struct. 22, 287 
(1974). 
J. Phys. Chern. Ref. Data, Vol. 8, No.3, 1979 
galJche 1,2-Difluoroethane 
Dihedral angle between the two CCF planes is 73 0 (X). 
[1J S. Butcher, R. Cohen, and T. C. Rounds, J. Chern. Phys. 54, 
4123(1971) . 
frons-T rifluoroethylam i ne 
c. 
Molecule was shown to exist in the trans conformation, but de-
tailed structure determination was not possible. 
[lJ 1. D. Warren and E. B. Wilson, J. Chern. Phys., 56, 2137 (1972). 
Ethynylgermane (Germylacetylene) 
Substitu- Substitu· 








The CH distance has been assumed to be 1.056 
109.2 X 
[lJ E. C. Thomas and V. W. Laurie, J. Chern. Phys. 44, 2602 
(1966) . 
A mino (I~etonitrile 
C. 
The amino group is found in the conformation in which the 
amino protons are trans to the methylene protons. 
[lJ H. Pickett, J. Mol. Spectrosc. 46, 335 (1973). 
[2J J. N. McDonald and J. K. Tyler, J.C.S. Chern. Comm. 1972, 
995 (1972). 




/ ""H ;;N-----. I c N:---- '\H 
Substitution 




The equilibrium orientation of the methyl group is staggered. 
a Refers to non-bonding H ••• H distance in methyl group. 
[1J L. H. Scharpen, J. E. Wollrab, D. P. Ames, and J. A. Merritt, 
J. Chern. Phys. 50, 2063 (1969). 
[2J D. W. Gord and J. E. Viollrab, J. Cbem. Phys. 51, 5728 (1969). 
Acetaldehyde 
C,H,O e. 
Bond Effective Average Angle Effective Average 
CC 1..504 D 1.504 D CCO 124.0 C 124.0 C 
CO 1.213 D 1.217 D CCHI 114.9 D 
CH, 1.106 r: 1.114 n r:r:H, llO.6 r. llO.? r 
CH2 1.091 C 1.074 C CCH~ 110.3 C 110.2 C 
eRa 1.085 C 1.074 C R,CI14 108.9 C 108.7 C 
The effective parameters were recalculated from reported data. 
The CCH, angle was assumed to be 117.5 C and a symmetrical methyl 
group was assumed in the determination of the average parameters. 
[IJ T. Iijima and M. Kimura, Bull. Chem. Soc. Japan, ·i2, 2159 
(lQf\Q) . 
[2J R. W. Kilb, C. C. Lin, and E. B. Wilson, Jr., J. Chern. Phys. 


























• Angle between CC bond and the line which bisects the HCH 
angle. 
[lJ C. Hirose, BulL Chern. Soc. Japan 47, 1311 (1974). 
[2J G.1. Cunningham, A. W. Boyd, R. J. Myers and W. D. Gwinn, 




I \ 0, CH3 C. C.II,OS 
Microwave data are consistent 1Vith a cis conformation. 
L1J G. 1. L. Jones, D. G. Lister, f\i. L. Owen, M. (.;. 1. Gerry and 









1.483 D OSC 





Assumptions: CH = 1.078, HCH = 116.0, BCC = 151.7. 
[lj S. Saito, Bull. Chern. Soc. Japan 42, 663 (1969), 
C. 
J. Phy •. Chem. Ref. Dala, Vol. 8, No.3, 1979 






Microwave data are consistent only with the above conformation. 
[1] L r.. Kri.hp.T ani! 1':. ~l!"g"harth, .T. r.hem. Phys. 54, 4553 
(1971) . 











\-1 wI \, 
Substitution Angle 
1.::!UY A C,C20 
1.437 B C£,O 
1.499 A C,C,H 
1.051 B C,C,H 
1.102 B . cIon 









[IJ K. M. Marstokk and H. Mollendal, J. Mol. Struct. 7, 101 
(1971) . 











1.200 B O,C,O, 
1.-334 B C,Ote, 
1.437 B HC,O, 








Methyl group has been chosen symmetrical, for the reported 
parameters. 
[IJ R. F. Curl, Jr., J. Chern. Phys. 30, 1529 (1959). 






CHr/ '" 1/ 0 
CH2 
C,. 
Bond Effective Angle Effective 
SO 1.439 D OSO 121.4 D 
CS 1.731 D esc 54.7 D 
CC 1.590 C 
Assumptions: CH = 1.078, HCH = 116.0, HeC = 151.7. 




CH. 1.091 C 
CH. 1.097 C 
CO. 1.416 B 
COp 1.412 B 





COC 104.8 B 





OCO 105.5 B O.COpO" 
HCH 113.3 C C,O.Cill. 
O.CH. no.s C C,O.C"lI. 
O.CH. 109.8 C 
OpCH. 106.7 C 








[lJ R. L. Kuczkowski, C. W. Gillies, and K. L. Gallaher, J. Mol. 
Spectrosc. 60, 361 (1976). 
[2J U. Mazur and R. L. Kuczkowski, J. Mol. Spectrosc. 65, 84 
(1977). 
[3J C. W. Gillies and R. 1. Kuczkowski, J. Amer. Chern. Soc. 94, 
6337 (1972). 










H---C-c---H I \ 
Substitution Angle 
1.484 B CSC 
1.815 B HCH 
1.083 B </>' 






[lJ K. Okiye, C. Hirose, D. G. Lister and J. SheriuuJJ, Chelll. 
Phys. Lett. 24, III (1974). 
[2J G. 1. Cunningham, A. W. Boyd, R. J. Myers, W. D. Gwinn 
and W. I. LeVan, J. Chern. Phys. 19, 676 (195l). 
Thioacetaldehyde 
~ / c-r."· ,,~I :"'Z H~ #" \ 
Ho H 
C2H4S c, 
Bond Substitution Angle Substitution 
CS 1.610 C CCS 125.3C 
CC 1.506 B CIC2H 119.4 C 
C,H 1.089 B C2C]H. 1l1.2C 
C]H, 1.090 C C,C]Ha nO.l C 
C,H. 1.098 D 

















[lJ M. C. L. Gerry and T. M. Sugden, Trans. Faraday Soc. 61, 2091 
~1965). 





















1.438 D BOC 
1.368 D OCC 













• '" is angle between the two CCO planes. 
b!3 is angle between CBe and aBO planes. HCH assumed to be 
bisected by ace plane. 
[lJ J. H. Hund and R. H. Schwendeman, J. Chern. Phys. 45, 3349 
(1966) . 
2-Chloro-l,6-dicarbahexaborane (6) 
Bond Substitution Angle Substitution 
B;CI 1.823 D BIB,B, 87.7 C 
B]B, 1.671 D B,BaE, 91.0 C 
EzR3 1. 702 C B2BIB, 93.6 C 
In above structural dra'~ing. each boron (except E,) and the two 
carbons have one bonded hydrogen atom. 
[lJ G. 1. McKown and R. A. Beaudet, Inorg. Chern., 10, 1350 
(1971) . 
J. Phys. Chem. Ref. Data, Vol. 8, No.3, 1979 




Bond Substitution Angle 
CBr 1.950 C CeBr 
CC 1.518 B C!C2H 
C'I! 1.093 C HC'H 
C2H 1.087 C HCIH 






















! HCH (methylene) 








Conformation is staggered. CH3 group is assumed to be symmetrical. 
[lJ R. H. Schwendeman and G. D. Jacobs, J. Chern. Phys. 36, 1245 
(1962) . 




Bond Substitution Angle tion 
CCI 1.789" CCCI 110.1 X 
CC 1.519 X CCO 112.8 X 
CO 1.411 B COH r 105.8C 
OIlJ 1.008 C (CCO)-(CCCI)" 63.2 X 
CI···H 1 2.609 B (CCO)_(COHr)b 58.4 X 
a Assumed value. 
b Dihedral angles between indicated planes. 
[lJ R. C. Azrak and E. B. Wilson, J. Chern. Phys. 52, 5299 (1970). 
J. Phys. Chem. Ref_ Data, Val. 8, No.3, 1979 
Fluoroethane 
CH 3CH.F C. 
Substitu- Substitu-
Bond tion Effective Angle tion Effective 
cc 1.505 B R.eH. 108.9 B 
CF '1.398 B H.CH, 108.7 B 
ClI 1.095 B CCF 109.7 n 
(methylene) 
CH. 1.090 B HCF 106.1 B 
CHt 1.091 B CCH 112.9 B 
(mothylene) 
HCH lOS.S B 
(methylene) 
CCH t 109.7 B 
Conformation is staggered. t and g refer to trans and gauche posi-
tions of methyl group protons with respect to F atom. 
[lJ 1. Nygaard, Spectrochim. Acta 22,1261 (1966). 
[2J B. Bak. S. Detoni, L. Hansen-Nygaard, J. T. Nielsen ana 1. 
Rastrup-Andersen, Spectrochim. Acta 16, 376 (1960). 
Nilroethane 
c. 
Planarity of heavy atoms is a well·confirmed feature. 


















1.867 B HPC 
1.428 B CCH,;, 
1.502 B CCH',an, 








[1] M. T. Bowers, R. A. Beaudet, H. Goldwhite and R. Tang, J. 

















Eifective parameters were obtained by assuminf,!; BH = 1.220 ± 
0.020 and CH = 1.100 ± 0.015. 
[1J J. F. Stevenc, Jr., J. \IT. Bov"" , R. F. Curl, Jr., R. A. Ccanun"cl 
and M. Grace Hu, J. Amer. Chern. Suc. 99, 1442 (1977). 
CzfiGB, C'v 
Bond Substimtion Bond Substitution 
Ed3, 2.434 B B,C. 1.605 B 
C,B, 2.297 B CzC, 1.540 B 
BIB, 1. 721 D BIC, 1.627 D 
B,B, 1.752 B 
[1: R. A. R~2udet and R. L. Poynter, J. Chern. Phys. 53, 1899 (1970). 
Unde;ermined 
Bond Efrective Angle Effective 
Cd-C 2.112 C nCH 108.4 X 
Ir. Grctel to obtain the HeH angle it was neCessary te assume the 
C-H distance ,,5 1.09 A.. The htlavy atoms were asslun;d to be colinear. 

















All vinyl hydrogen parameters have been assumed and the germy! 
group has been assumed to be symmetric. 




Bond EffectiYe Angle EffectiYe 
HgC 2.094. C HCR 109.3 X 
In order to obtam the tlCH angle, the C-H distance was assumed. 
The CHgC configuration was assumed to be linear. 
[lJ K. S. Rao, B. P. Stoicheff and R. Turner, Can. J. Phys. 38,1516 
(1960). 
CzH,N,O C, 
Bone! Effectiye Angle Effective 
NN 1. 329 [; :'lNC, l21.4 C 
NO 1.233 D NNe, 116.1 D 
NC 1 1.444 D NNO ll4-.0 C 
NC, 1.4·52 D NCH" 111.2 X 
CH< 1.Q65 X 
Although severnl heavy .. atorn isotopic species w~!e investigLlted:-
very sn1all coordinates yielded a str'..lcture of uncertain quality. 
eo All eH bonds and NCB angles 'were csst:med to be identicaL 
[lJ A. GUc;rnier£~ F. Rohvter and F. Scappini~ Z. Naturforsch. 30a .. 
904 {1975L 
[2J F. Scappini, /0,., Gunrnieri; H. Dreiz!er and P. Itademecher, 
Z. NC!.turforsch. 27a~ 1329 (107:1). 
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gauche-Ethanol 
This conformer has OH group rotated 126 0 (X) from the well· 
established trans position. 
[lJ Y. Sasada, J. Mol. Spectrosc. 38. 33 (1971). 
frans-Etha nol 
C.H.O C. 
Bond Substitution Angle Substitution 
CC 1.512 B CCO 107.8 B 
CO 1.431 B COH 105.4B 
OH 0.971 C CICin 1l0.7 B 
C,H 1.099 B IIC,II 100.0 D 
CIH. 1.091 C CzCIH. 110.1 B 
CIH. 1.088 C CzC)H. 110.5 C 
H.C1H. 108.4 B 
[lJ J. P. Culot, Fourth Austin Symposium on Gas Phase Molecular 
Structure, Paper T8 (1972). 
Methyl Ether 
C,:H60 Czv 
Bond Substitution Angle Substitution 
CO 1.410 B COC 111.7 B 
CH. 1.100 B OCHa llO.8 B 
CH. 1.091 C OCH. 107.2 C 
HaCH. 108.7B 
H.CH, 109.5 C 
Hydrogens s and a are in and out of the heavy atom plane, reo 
spectively. . 
[lJ U. Biukis, P. H. Kasai, and R. J. Myers, J. Chern. Phys. 38, 
2753 (1963). 




















Methyl groups were assumed to be symmetric with C3 axis along 
the CS bond. 
[lJ H. Dreizler and G. DendI, Z. Naturforsch. 19a, 512 (1964). 
gauche-Ethanethi 01 Ii, 
H~: /s ~c-c 
/ ~'1i4 
CzH6:l 1-10 1-13 Cl 
Bond Effective Angle Effective 
SH 1.336 C HSC 96.0 C 
SC 1.814 C CCS lIS.6C 
CH.i 
CH.! 
1.089 D H.CH. 106.6 D 
CC 1.528 C H,CC 110.7 D 
CH'l 
HaCC 111.3 D 
CHI 1.091 D H,CS 104.9 D 
CH. HaCS 109.3 D 
eCHs 110.5 D 
CCHI 110.6 D 
HoCHI 109.0 D 
HICH. 106.9 D 
Assumed: CH, CH" and H.HI = 
H5H •. 
[1J J. Nakagawa, K. Kuwada, and M. Hayashi, Bull. Chern. Soc. 
Japan 49, 3420 (1976). 
[2J R. E. Schmidt and C. R. Quade, J. Chern. Phys. 62, 864 (1975). 
[3J M. Hayashi, J. Nakagawa, and K. Kuwada, Chern. Lett. 1975, 
1267 (1975). 











1.322 C CSH 
1.820 B CCS 
1.529B SCH 
1.090 B CCl! 
1.092 C HCH 















[IJ M. Hayashi, H. Imaishi, and K.Kuwada, Bull. Chern. Soc. 
Japan 47, 2382 (1974). 
[2J M. Hayashi, H. Imaishi, K .. Ohno, and H. Murata, Bull. Chern. 
Soc. Japan 44, 872 (1971). 
[3J Ch. O. Kadzhar, A. A. Abbasov, and 1. M. Imanoy, Opt. Spec-
trose. (USSR) 24, 334 (1968). 























s and a refer to methyl protons in and out of the plane of sym· 
metry, resp9ctive1y. 
[IJ 1. Pierce and M. Hayashi, J. Chern. Phys. 35, 479 (1961). 
[2J H. Dreizlerand H. D. Rudolph, Z. Naturforsch. 17a, 712 (1962). 
Dimethyl Disulfide 
CillsS, CH3SSCHa C2 
Bond Effective Angle Effective 
SS 2.038 X SSC 102.8 X 
SC 1.810 X SCH 108.9 X· 
CH 1.097 X 0- 84,7 X 
Methyl groups were assumed to be symmetric with C3 axis along 
C-S bond. 
• Ii is the dihedral angle between the two SSC planes. 
n l D. Sutter, H. Driezler and H. D. Rudolph, Z. Naturf~rsch. 20a, 
1676 (1965). . 
trans. Ethane Selenal 
Cill,Se C. 
Bond Substitution Effective Angle Effective 
CC 1.543 C CCSe 108.8 C 
CSc 1.950 C CSeIl 93.3 C 
SeH 1.444 C 
All CH parameters were assumed. A more stable gauche form was 
observed also, with a dIhedral angle (measured from CLS position) 
of 62.0· (X). 
[lJ J. R. Durig and W. E. Buey, J, Mol. Spectrosc. 64, 474 (1977). 
Methyl Selenide 
Cill,Se CH 3SeCH3 .C .. 
Substitu· 
Effective I. Substitu· Bond tion Angle tion Effective 
SeC 1.943 B I CSeC 96.2 B CH 1.093 C SeCH. 109.6 C 
I 
SeCH, 106.7C 
HCH llO.3 C 
Methyl groups assumed symmetric. 
[IJ J. F. Beecher, J. Mol. Spectrosc. 4, 414 (1966). 
J. Phys Chem. Ref. Dato, Val. 8, No.3, 1979 















1.853 C HSiH 












The Cill, distance was assumed to be equal to the CJh distance. 
The SiB3 group was assumed to be symmetric. The axis of the Si1~h 
group is tilted 1.8Q toward the methylene group. 
[1J J. M. O'Reilly and L.l'ierce, J. Chern. l'hys. 34, ll76 (19()lj. 
Dimethylxinc 
CH 3ZnCH 3 Undetermined 
Bond Effective Angle Effective 
C-Zn 1.929 C HCH 107.7 X 
In order to calculate the HCIi angle it was necessary to assume the 
C-H bond distance; the uncertainty in the angle is therefore im-
possible to evaluate. 
[IJ K. S. Rao, B. P. Stoicheff and R. Turner, Can. J. Phys. 38, 1516 
(1960) . 



















In above figure, one hydrogen is bonded to each heavy atom. 
C2• 
[1J R. A. Beaudet and R. L. Poynter, J. Chern. Phys. 43, 2166 
(1965). 




Bond Effective Angle Effective 
SiCI 2.060 X C,SiCI 109.9 X 
SiH 1.478 X 
SiC, 1.869 X C2SiB 113.6 X 
C,C, 1.532 X SiC,Ii 105.6 X 
C,Ii 1.107 X C,C,H 111.9 X 
C,H 1.082 X C,C,Si 111.3 X 
"'I 117.7 X 
"" 
121.8 X 
0', is the angle between the CCSi plane and the CSiH plane and "" 
is the angle between the CCSi plane and the SiCH plane. A gauche 
form exists also, with CIC,Si = 113.0 (X) and the SiH2Cl group 
rotated by 120.40 (X). 
[1] V. Typke. M. Dakkouri and W. Zeil. Z. Naturforsch. 29a, 
1081 (1974). 
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Dimethylamine 
CJI1N C. 
Bona' ' Substitution Angle Substitution 
CN 1.464 B CNC 112.0 A 
NH 1.022 C HCH(ave) 108.5 C 
CH (ave) 1.090 C HNe 108.6 B 
.Within experimental error, the CH is founa to lie in the eNC 
plane. ' 















1.396 D HNH 
1.475 D ceo 






















OH ••• N hydrogen bond was very sensitive to isotopic substitu-
tion of Dfor H and, consequently, structural quality is diminished. 
CH parameters were assumed. 
• Dihedral angles between indicated planes. 
[IJ R. E. Penn and R. F. Curl, J. Chern. Phys. 55, 651 (1971). 
[2] R. E .. Penn and R. J. Olsen, J. MoL Spectrosc. 62, 423 (1976). 
Ethylphosphine 
Microwave data shows the presence of trans and gauche isomers, 
with the trans isomer more stable by 200 cm-'. 
[lJ J. R. Durig and A. W. COlt,]. Chem. Phys. 64, 1930 (1976). 
Dimethylphosphine 
Cili1P (CH a)2PH C, 
Bond Effective Angle ' Effective 
CP 1.848 X CPC 99.7 X 
PH 1.419 X CPH 97.0 X 
The methyl group was assumed to be symmetric with CH = 
1.093 A and RCH= 108.8°. The axis of the methyl group was 
assumed to be titled outward.from the CP axis by 1 Q. The CHagroup 
was assumed to be staggered with respect to the PH bond. 
[lJ R. Neison, J. Chern. Phys. 39, 2382 (1963). 
1,7-Dicarba-c:loso-octaborane (8) 
CAB. C, 
Bond Substitution Angle Substitution 
BIB, 1.813 C B2B.B. 52.7 B 
B2Bs 1.843 C 'BslhBe 66.9 C 
B2B S 1.685 C . BiBeB, 60.4C 
B,B, 1.886 C BJ3,B. 54.3 B 
B,Be 1.880 C B2BsB, 60.8 B 
BsB. 1.949 C BaBIB6 64.9 B 




Bond Effective Angle Effective 
Gee 1.9::; C CGeC HOC 
CH and HCH parameters as.umed from CHoGeRs. 
[lJ E. C. Thomas and V. W. Laurie, J. Chern. Phys. 50, 3512 (1969). 
J. Phys. Chem. Ref. Data, Vol. 8, No.3, 1979 





























Methyl and germyl groups were assumed to be symmetrical. 
C, 
[1J J. R. During, A. D. Lopata and P. Groner, J. Chern. Phys. 66, 
1888 (1977). 
Dimethylsilane 
C2H,S, {CH.hSiHz C'v 
Bond Substitution Angle Substitution 
SiC 1.867 A CSiC 110.98 A 
SiH 1.483 B HSiH 107.83 B 
CH 1.095 B HCB 108.00 B 
(IS 110.83 B 
Methyl groups assumed to be symmetric. 
- () = angle between the symmetry axes of the two methyl groups. 
[lJ L. Pierce, J. Chern. Phys. 34, 498 (l961j. 
1,6-Dicarbanonaborane (9) 
Bond Substitution 
1. 71? C 
1.995 B 
1.976 C 
1. 784 B 
1.805 B 
[1J K. Lau and R. A. Beaudet, Inorg. Chern. 15, 1059 (1976). 




Bond lion Effective Angle tion Effective 
BH. 1.216 C PBH. 104.8 C 
BH. 1.212 C PBH. 104.9 C 
PB 1.898 D CPB 114.6 D 
PC 1.813 D CPC 105.4 D 
PH 1.414 D BPH 118.1 X 
Methyl group parameters were assumed and borane group was 
assumed to be symmetrical about the PB bond. 
[lJ J. F. Durig, B. A. Hudgens, Y. S. Li and 1. D. Odom, 1. Chern. 
































H t and Hb , refer to the terminal and bridge hydrogens, respec-
tively. 
n Obtaiucd Ly 1;1t1~uJuiug IIJethyl group parameters. 
b Angle made by BH. plane and the plane perpendicular to the 
C2 symmetry axis. 
[lJ E. A. Cohen and R. A. Beaudet, Inorg. Chern. 12,1570 (1973). 













G~ound state spectrum not observed. Rotational constants extra· 
polated by observing several excited vibrational states. 
[1J A. Bj(Jrseth, E. Kloster-Jensen, K. M. Marstokk, and H. Mlil. 




eN 1.245 A 
Ground electronic state is 'ng • 
[lJ A. 1. Merer and D. N. Travis, Can. J. Phys. 44, 353 (1966). 
Cyanomethylidyne 
C,N CCN C",y 
Bond Effective 
C···N 2.56 D 
Ground electronic state is 'nr • 









[IJ A. G. Maki, J. Chern. Phys. 43,3193 (1965). 
D",h 
Cyanogen Isocyanate 
C,N,O c •. 
Bond Effective Angle Effective. 
N,C, 1.164" NCN 180' 
N,C, 1.218" NCO 180' 
CO 1. Iii:;' r.N'C 140X 
C,N, 1.283 X 
• Assumed values. 




Bond Su bstitution Angle Substitution 
SC 1. 701 B CSC 98.3 B 
CN 1.156 B SCN 175.0 C 
The SCN angle is such that the angle between the two ·C==N bond 
lines (l08.3°) is larger than the esc angle. 





C···O 2.52 D 
Gl·OUlld elechvul.; ::)1.i:tLt:: it) 32;;-. 
[lJ C. Devillers and D. A. Ramsay, Can. J. Phys. 49, 2839 (1971). 
J. Phys. Cham. Ref. Data, Vol. 8, No.3, 1979 
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c~ Molecules 
Tricarbon (Propadiene-l,3-diylidene) 
C3 cec D",h 
Bond Effective 
CC 1.277 A 
[lJ A. E. Douglas, Astrophys. 1. 114, 466 (1951). 
[2J L. Gausset, G. Herzberg, A. Lagerqvist and B. Rosen, Astrophys. 




CBr 1.786 B 
C1C2 1.204 B 
C2C3 1.370 A 
r.K 1.159 A 
[lJ T. Bjorvatten, J. Mol. Struct. 20, 75 (1974). 
l-Chloro-3,3,3-Trifluoropropyne 
C.C1F! F 300==OC1 CSy 
Bond Substitution Effective" 
(;3(;1 1.629 C 1.627 C 
C1 ••• e3 2.647 B 
C'O 1.453 C 
e20 1.199 C 
OF 1.336 C 
• The FCF angle was assumed in order to determine these pa-
rameters. 













[1J T. Bjorvatten, J. Mol. Strue!. 20, 75 (1974). 
J. Phys. Chem. Ref. Data, Vol. 8, No.3, 1979 
3,3,3-Trifluoro-l-Propyne 
CsHF! H-C==C-CFa Cav 
Bond Substitution Effective Angle Effective 
HC 1.056 B FCF 107.5 X 
C==C 1.201 A 
C-C 1.464· X 
CF 1.335 X 
[1J N. N. Shoo)ery, R. G. Shulman, W. F. Sheehan, Jr., V. Schoo 
maker, and D. M. YO!;t, J. Chem. Phys. 19, 1364 (1951). 
2-Propynenitrile 
CaHN HCCCl\' C"'V 
Bond Substitution Effective 
CH 1.058 A 1.057 A 
C==C 1.205 A 1.203 A 
C-C 1.378 A 1.382 A 
CN 1.159 A 1.157 A 
[lJ A. A. Westen berg and E. B. Wilson, Jr., J. Am. Chern. Soc. 
72, 199 (1950). 




























[1J J. R. Durig, Y. S. Li, C. C. Tong, A. P. Zens and P. D. Ellis, 
J. Am. Chern. Soc. 96, 3805 (1974). 
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3,3-difluorocyclopropene 
Substitu- Suhstitu-
Bond tion Effective Angle tion Effective 








HCIC, 148.4 A 
[lJ K. R. Ramaprasad, V. W. Laurie, and 1\. C. Craig, J. Chem. 
Phys. 64, 4832 (1976). 
Ma\onpnitrile 
CaH,N. CH,(CN). Cz. 
Bond Effective Angle Effective 
CC 1.47 E CCC 109E 
eN 1.17 E HCH 109 E 
CH 1.09 D CCNa 174· E 
• The cyano group is bent outward. 
[IJ E. Hirota and Y. Morino, Bull. Chem. Soc. Japan 33, 705 (1960). 
[2J E. Hirota and Y. Morino, Bull. Chern. Soc. Japan 33, 158 (1960). 
Cyclopropenone 
CaH.O C2v 
Bond Substitution Angle Substitu tion 
CO 1.212 B fH~.r., 144.9 B 
CIC, 1.412 C C,CaG, 62 .. 6 B 
CiCz 1.302 B 
CH 1.097 G 
[IJ C. Benson, W. H. Flygare, M .. Oda and R. Breslow, J. Am. 












tion Averag~ tinn 
1.055 B 1.054 C C,CsO 123.9 D 
1.106 B 1.114 C C2C.H 113.9 D 
1.209 B 1.205 C C,C2C3 178.4 E' 
1.444B 1.449 A HC1C, 180.0 E 





• The tilt is toward the aldehydic hy(lro~:en. 
[lJ C. C. Costain and J. R. Morton, J. Phys. 31,389 (1959). 
[2J M. Sugie, T. Kukuyama and K. Kuchitsu, J. Mol. Struet. U, 
333 (1972). 
Propio\ic Acid 
(Propargylic or Propynoic Acid) 
HC=CCOOH c, 
It was determined that the species is planar with the hydroxyl 
hydrugen cis to the carbonyl group. 
[lJ D. G. Lister and J. K. Tyler, Spectrochim. Acta 28A, 1423 
(1972) . 
Bond Substitution Angle Substitution 
C,C, 1.331 A C,C,02 108.6 X 
C,02 1.385 X C202C, 106.9.X 
C.O, 1.364 X O,C.O, 108.8 X 
CI0 1 1.191 A 
[lJ W. F. White and 1. E. Boggs, J. Chem. Phys. 54,4714 (1971). 
J. Phys. Chem. Ref. Dafa, Vol. 8, No.3, 1979 












Four isotopic species studied; CIH, caH, C2==Cl and OC'H values 
were assumed. 


















Four isotopic species studied; C11l, OB, CZ=:=CI bond lengths were 
assumed. 





H-I /CI \-c / , 
H 0 
C. 
Spectra were assigned for one isomer, established as the s-trans 
conformer as shown in the figure. Evidence for a second conformer 
(cis or possibly gauche) was discussed but no assignment was ob-
tained. 
[lJ R. Kewley, D. C. Hemphill, and R. F. Curl, Jr., J. Mol. Spectrosc. 
44,443 (1972). 









Existence of two planar rotational isomers was established. One 
h;otopi<! apecieg was aGgisned for each isomer and rotational constants 
were determined. Although the authors proposed structures con-
sistent with rotational constants, they could not positively determine 
which isomer was cis and which was trans. Figure shows cis form; see 
arryloyl r.hloritl" for I.rn.n..< form. 


















LIJ C. W. Gillies, J. Mol. Spectrosc. 59, 482 (1976). 
Bond Effective Angle Effective 
C.Ca 1.489 B FCF 106.8C 
C,C. 1.312 C CaC2C, '124.8 C 
CH, 1.085 C CCH, 120.6 D 
CH. 1.092 C CCH. 122.8 D 
CHa 1.109 B C,C.Ha 121.2 D 
CFa 1.345 B 8b 1.0D 
• Assumed value. 
c. 
b Tilt angle of the CF 3 symmetry axis from C-C bond axis and 
away from the double bond. 
[1] S. Saito and F. Makino, Bull. Chern. Soc., Japan 47,1863 (1974). 
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Trifluoroacelic Acid-Formic Acid Dlmer 
CF aCOJI· HCOJI C. 
Bond Effective 
0···0 2.67 X 
[IJ C. C. Costain and G. P. Srivastava, J. Chem. Phys. 41,1620 
(1964). . 
Vinyl cyanide 
~ . I . 




Bo.nd Substitution Angle Substitutio.n 
CN 1.164 B C1C2Ca 122.6 C 
C1C2 1.426 B HC2Ca 121. 7 B 
C,Ca 1.339 B 
C2H 1.086 B 
C2CI~ was linear to. within experimental accuracy. 
[IJ C. C. Co.stain and B. P. Stoicheff, J. Chem. Phys. 30, 777 (1959). 
Acetyl cyanide 
C~HaNO C. 
Bond Substitution Effective Angle Substitution Effective 
CO 1.226 D C1C2O 124.0 D 
CIC. 1.490 D CIC2Ca 115.0 D 
C2C" 1.466 C HCH 108.7 C 
CN 1.164 C 
CH 1.086 C 
C2CaN group was assumed to be linear, and the methyl group was 
assumed to be symmetrical. 










Microwave data co.nfirm the planar trans co.nformation of the 
mo.lecule. / 




Bond Substitution Angle Substitution 
OIN. 1.399 A CoO IN. 108.9 A 
N2Ca 1.308 A 0lN2Ca 105.3 A 
CaC. 1.426 A N2C3C4 112.3 A 
C.C. 1.357 A CaC4C5 103.0 A 
C50 1 1.344 A C.CsO I 110.5 A 
CaH 1.078 B C4CsH 129.1 B 
f:.H 1.074 B r:,r:.H 128.5 B 
C"H 1.074 B C.C.H 133AB 
[IJ 0.1. Stiefvater, J. Chem. Phys. 63, 2560 (1975). 
[2] O. L. Stiefvater, P. Noabcrgcr and J. Sheridan, Chem .. Phya. 9, 
435 (1974). 
J. Phys. Chem. Ref. Dala, Vol. 8, N;o 3, 1979 













































Uncertain structural data caused by a number of small substitution 
coordinates. 
[lJ L. Nygaard, E. Asmussen, J. H. HliJ'g, R. C. Maheshwari, C. H. 
Nielsen, 1. I:!. Petersen, J. J:tastrup·Andetsen, and G. O. 













In order to obtain the structural parameters it was necessary to 
assume the CH bond distances. Since the uncertainties in the other 
parameters are dependent upon this assumption, their uncertainties 
are given. an X rating. 
[IJ J. E. Lancaster and B. P. Stoicheff, Can. J. Phys. 34, 1016 
(1956) . 


















[lJ A. G. Maki and R. A. Toth, J. Mol. Spectrosc. 17, 136 (1965). 

















[lJ W. M. Stigliani, V. W. Laurie and J. C. Li, J. Chern. Phys. 62, 
1890 (1975). 
[2] P. H. Kasai, R. J. Myers, D. F. Eggers and K. B. Wiberg, J. Chern. 






C'H l.105 B 
Angle 




[2J R. Trambarulo and W. Gordy, J. Chern. Phys.lS, 1613 (1950). 
[3J 1. F. Thomas, E. 1. Sherrard and J. SherIdan, Trans. Faraday 
Soc. 51, 619 (19.55). 










1.085 B HCH 
1.534 B C2C'H 
1.532 C CICCI 











Bond Substitution Angle Substitution 
C,C, 1.464 C fCl' lUB.3 C 
C,C, 1.553 A HCH 116.9 B 
CF 1.355 C 
CH 1.082 B . 
Structural parameters were evaluated for the D, species. 




The observed spectra were consistent with the above conformation. 
Intensity measurements suggest that this species may represent only 
about 20% of the gas.phase sample. 
[lJ D. J. Finnigan, C. W. Gillies, R. D. Suenram and E. B. Wilson, 













1.349 B N,N2C3 
1.331 B N2C,C. 
1.416 B CaC.Cs 
1.372 A C.CSNI 
1.359 B CsN,N2 
0.998 B N,C,H 
1.078 B CaC.H 
1.076 B ~IC5H 












[1J 1. :'-Iygaard, D. Christen, J. T. Nielsen, E. 1. Pedersen, O. 
Snerling, E. Vestergaard and G. O. Sorensen, J. Mol. Struct. 
22, 401 (1974). 
trans-Acrolein 
C. 
Bond Substitution Effective Angle Substitution Effective 
CO 1.219 C CCO 123.3 C 
C1C2 1.470 B C2C1H 115.1 B 
CIH 1.108 B C1C2H 117.3B 
CJI 1.084 B cIc.Cs 119.8C 
C.C. 1.345 B C.CaHI 121.5 C 
C,H I 1.086 C C.CaH, 120.0 C 
C.H. 1.086 C 
The CaH I and C3H. distances have been assumed to be equal. 
[1 J E. A. Cherniak and C. C. Costain, J. Chern. Phys. 45, 104 (1966). 
J. Phys. Chom. Ref. Dala, Vol. 8, No.3, 1979 




















[lJ J. M. Pochan. J. E. Baldwin and W. Il. Flygare. J. Amer. Chern. 
Soc. 91,1896 (1969). 
[2J J. M. Poohan. J. E. Baldwin and W. B. Flygarc, J. AIncr. Chem. 
Soc. 90, 1072 (1968). 
C, 
Bond Substitution Effective Angle Substitution Effective 
C,O 1.171 B .OG,C. 179.5 C 
e,c. 1.306 B C,C,C3 122.6 H 
C.Ca 1.518 B C1CzH, 123.7 B 
C.H, 1.083 B C.CaH. 111.1 B 
CaH. 1.083 B C2CaH, 110.7" C 
C.B, 1.094" C HaCaH. 107.9·C 
• Recalculated from the original data. 
[lJ B. Bak, J. J. Christiansen, K. Kunstmann, 1. Nygaard and J. 
Rastrup.Andersen, J. Chern. Phys. 45, 883 (1966). 




Experimental evidence supports a structure with average Ca. sym· 
metry. A low.barrier double·minimum hydrogen·bond potential 
function mny exict. The O· . ·0 di.tance "ae found to he 2.55 (X). 
[lJ W. F. Rowe, Jr., R. W. Duerst, and E. B. Wilson, J. Amer. Chern. 
Soc. 98, 4021 (1976). 
3-0xetanone 
CZv 
Bond Substitution Effective Angle Substitution Effective 
1.522 B 








a In order to obtain pnrnmetero involving oxygen atome, the 
methylene group parameters were assumed. 








[1J R. A. Creswell, P. J. Manor, R. A. Assink and R. H. Schwende-
man, J. Mol. Spectrosc. 64, 365 (1977). 
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Ethynyl Methyl Sulfide 
CaH4S C, 
Bond Substitution Effective I Angle Substitution Effective 
SC, 1.813 B CISC. 99.9 C 
SCz 1.685 C H,C,H, llO.Oa 
C2C3 1.205 C SCZC3 178.0C 
C3H. 1.061 C H2C~H3 llO.3 B 
C[H, 1.079 B 
C,Hz 1.090 B 
The CaCaH, angle was assumed to be 180°. The acetylene group is 
tilted away from the methyl group. The methyl group is tilted ap-
proximately 2 0 away from the acetylene group. 
[lJ D. den Engelsen, J. Mol.Spectrilsc. 30, 474 (1969). 












1. 740 e eeCl 
1.513 C ClCH 
] .515 B CCH, 
1.079 B C,CaHs 
1.086 C CIC,H6 













[1J R. H. Schwendeman, G. D. Jacobs and T. M. Krigas, J. Chern. 
Phys. 40, 1022 (1964). 
cis-l-Chloropropene 
CH3-CH=CHCl C. 
Assuming all other parameters to he the same as in propene, 
C-Cl = 1.735 (X) and C=C-Cl = 125.2 (X). A trans form was 
also investigated and similar assumptions led to C-Cl = 1.728 (X) 
and C~C-Cl = 121.9 (X). 
[IJ R. A. Beaudet, J.Chem. Phys. 40, 2705 (1964). 
[2J R. A. Beaudet, J. Chem. Phys. 37, 2398 !1962). 
2.Chloropropene 
c. 
The equilibrium conformation of the methyl group was found to 
be that given in figure. The authors have also given a reasonable 
structure based on assumed parameters from propene and vinyl 
"hlo~iil", 
[lJ W. Good, R, J. Conan, A. Bauder and Hs. H. Gunthard, J. Mol. 
Spectrosc. 41, 381 (1972). 
f21 M. L. Unland, V. Weiss and W. H. Flygare, J. Chern. Phys. 42, 
2138 (1965). . 
cis-3-Chloropropene 
CaH5Cl c, 
Rotational constants for two chlorine isotopic species were in 
agreement with 0. plan" of oymmetry. A "eeond rotamcr, with" 
dihedral angle of 122 0 about C-C bond, was also observed. 





The most stable isomer was determined as a heavy atom planar 
configuration with the methyl group and the carbonyl oxygen atom 
cis to each other. 
[IJ H. Karlsson, J. Mol. Struct. 33, 227 (1976). 
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cis~3-Fluoropropene 
CaR.F 
Bonn 511hdi1ntlnn Angle 
CIC, 1.333 C C,C2C, 
e,c. 1.488 C C,CaF 
C,F 1.382 C C,CIH 1 
CIRI 1.080 C C,C1R, 
CIH, 1.105 C H,CIH, 
C,H, 1.098 C C,CaH, 




C,H a and C1C,H:1 parameters assumed. 














\ -Fluoro-2-propanone (Fluoroacetone} 
C. 
No quantitative structural information other than the conforma· 
tion of the most stable rota mer was obtained. 
[lJ E. Saegerbarth and L. Krisher, J. Chern. Phys. 52, 3555 {1970). 
cis-Propionyl Fluoride 
c. 
Other than establishing this confornlation as the most stable, no 
quantitative information was obtained about the structure. 
A ga/lch~ form, 1290 cal/mol less stable, was also observed. See 
the following. 
[IJ O. Stiefvater and E. B. Wilson. J. Chern. Phys. 50, 5385 (1969). 
gauche-Propionyl Fluoride 
C,H.FO 
Dihedral angle between CCC and COF plane is 120 0 eE). A cis 
C,HsF CH.=CHCH,F C, form. 1290 cal/mol more stable, was also observed. See the preceding. 
==============~=============== 
Bond Substitution Angle Substitution 
C,C. 1.354. D CIC,C, 1.21.6 D 
C,C, 1.486 D C,C,F 110.9D 
C,F 1. 371 D C,C1H 1 119.2 D 
C,H, 1.098 D C,C,H, 121.5 D 
CIH, 1.054 D H,C,l]' 119 .. 3 D 
C,H, 1.127 II C,C,H, 107.4 D 
C,H. 1.137 D C,C,H. 105.2D 
H,C,H, 111.4D 
H,C,F 107.1 D 
H,C,F 114.7 D 
Dihedral" 127.1 
Gauche form has CH,F rotated 127.1 relative to cis. See cis·3· 
/luoropropene structure. C,H, and CIC,H, parameters assumed. 
[lJ E. Hirota, J. Chern. Phys. 42,2071 (1965). 
J. Phys. Chem. Ref. Data, Vol. 8, No.3, 1979 












1.537 B C2C,N 
1.459 C CIC,C, 
1.159 C C1C,H 
1.094 B HC,C, 
1.079 D HC,H 












• The CN group is bent slightly toward the methyl group. 
C. 
[1J H. M. Heise, H. Lutz and H. Dreizler, Z. Naturforsch. 29a, 
1345 (1974). 
1'he GonformatiG;; of the rnolecule .is i'o-;2na to be the bisected one 
with tbe plane of ~hc nitro g!"oup perpendic.ulr.T to the pir..nc of the 
cycIopropyl !"ing. 
~lJ A. n. hiocbel, C. Q. Britt, ail Ii J. E. Boggs, J. Chern. Phys. 58, 
3221 (1973). 
One rotc.tionai isomer, having the CHa group and SeN group 
gauche Iv one ar:ol:l:.er, '\;;85 iJentified. 










In the c31culatio!i~ tc(C-H) To(C-D) .\ was assumed. 
[1.J R. J. Butcher F~nd \ .... 7.:. Jones!]. I-I!ol. S;:ec:trooc. ~~·T~ 6d, (lr.73). 




\.~ 1 iI:! 
C:j{G 
/"I ":': 




1. .J8I 8 
l.090 E 
i .. OS;; E 
_0913 C· 
!:.nglc 
n:!I' .... l\.....;:, 
,..., r" ,,,, 







l~ J .2 B 
c,. 
-; D.~. T....:Jc t;, i.: D. Christer:scrJ, J. Chern. Yi~}~. ;)~':t L27-t (19;:;'~). 
~. 0Ii~'Ctil :1D~ ":.'. r'.·i~7!!10? J. Che;:;; .. ~:;hys. ·f.5~ 2525 (1066). 
It ...,\"as 3ho~·.-n ~h2.t the heavy utDm skeleton ~s ncn~?12.nar'. 
[lJ Y. 3. Li and J. R. DUT:g, J. ~Vlo1. 3'~rucL ItS:; 4:33 (197B). 
Bond ERective Angle EffcctlYo 
.----------------
cc "! en .!. •• :'H~ X CCC 120 X 
eN 1.4·9 v HoGL 109 v 
NN 1.235 B ILCI:L 108 v A 
(""L· 1.08 V '-'.11:5 J' 
CHn 1.10 X 
NeN and NNe ~mgies a~8tlmed. II, <inc! H. refer ,0 hydrogen 
ate-111F; in 2nd out of ~he rh~ne of syrnmet!'y~ respectiveiy. 
[1J J. E. \Vclirab, L. H. Sharpc~, D. F. Ames, and J . .!-1. :\1e:-:ritt: 






1 .. S07 13 
1.22213 
1.085 C 








IHethyl F..ssl1med to be symmetrical. Internal rotation en~lysjs 
pl'{)\'ided 28, angie lJetween axes of met!;)'l groups. 
[1J n. N·z}~on c.T!d L. Pic!'ce~ J. Specf.~o!:lc. 18,54·,4· (1965). 
[2= J. D. S',rale~1 End C. C. Cosf:;;.i!!~ J. Chern. Phys. ~n.o; 1562 (1.959). 
c: 










1.549 C HC2H 
1.449 C HC,R 
1.091 C C,CzCa 








Because of low barrier, the effective symmetry is C2v. 
ro 




Gauche form also observed. Carbonyl eclipses methyl group but 
no detailed structure available. 




• 8 is angle of rotation of carbonyl group from cis conformation 
where carbonyl eclipses methyl group. 
[IJ S. S. Butcher and E. B. Wilson, J. Chern. Phys. 40,1671 (1964). 
Methoxyacetic Acid 
c. 
Symmetry plane and conformation seem well established, but no 
detailed structure is available. . 
[IJ K. M. Marstokk and H. Mollendal, J. Mol. Struct. 18, 247 
(1973) . 
J. Phys. Chern. Ref. Dale, Vol. 8, No.3, 1979 
s-Trioxane 
C3H 603 Ca. 
Bond Substitution Angle Substitution 
CO 1.4.20 C OCO 112.0 C 
COC 109.5 C 
[I J J. M. Colmont, J. Mol. Struct. 21, 387 (1974). 
[2J T. Oka, K. Tsuchiya; S. Iwata and Y. Morino, Bull. Chern. Soc. 
Japan 37,4 (1964). 




(with planar heavy atoms) was definitely 
[1J R. E. Penn and R. F. Curl, Jr., J. Mol. Sp"CLCO"C. 24, 235 (19U7). 
C.HsS 






Only gauche form exists. With a and {:I defined as zero in hypo-
thetical cis form, the observed gauche form is estimated to have the 
above values of a and {:I, the sense being such that vinyl and thiol 
gcuup., J·""I'''''Liv~ly, ar" coLal"olaLuv" II!" pIau" of th" pap,:r. 
[lJ K. V. 1. N. Sastry, S. C. Dass, W. V. F. Brooks, and A. Bhaurnitt, 
J. Mol. Spectrosc. 31, 54 (1969). 
Selenetane (Trimethylene Selenide) 
CaH 6Se C. 
Angle Effective 
Dihedral 29.5 X 
Various assumptions about vibrational motion required to obtain 
dihedral angl" estimate. 
[lJ M. G. Petit, J. S. Gibson, and D. O. Harris, J. Chern. Phys. 53, 
3408 (1970). 






1.957 B CCBr 












~1 \\'3 H H4 
CsH,Cl C. 
Bond Substitution Angle Substitution 
CCI 1. 798 C GCC 112.5 C 
CC 1.523 C eCC! 109.3 B 
eH, 1.091 B eCH, 1l0.1 B 
CH •. ,., 1.092 C C[CH, 105.4 e 
. CCH2 110.7 C 
CClh.4 109.7 C 
H.CH4 109.1 C 
fheH. 109.1 C 
H.CH. 108.7 C 
[lJ F. L. Tobiason and R. H. Schwendeman. J. Chern. Phys. 40. 
1014 (1964). 
Bond Substitution 
C,C, 1.486 C 
C2C, 1.513 B 
CN 
NH 
H···H 1.632 B 
Cyclopropaneamine 
(Cyclopropylamine) 
Effective" Angle Substitution 
C,C,C, 61.2 B 
CCN 
1.462 D GNH 










• All CH parameters were assumed to obtain these values. Un-
certainties reflect a reasonable range for the assumed parameters. 
[lJ D. K. Hendricksen and M. D. Harmony, J. Chern. Phys. 51, 
700 (1969). 
[2J M. D. Harmony, R. E. Bostrom and D. K. Hendricksen, J. Chern. 
Phys. 62, 1599 (1975). 
[3JM. D. Harmony, personal communication. 
2-Methyla%iridine (trans-Propyleneimine) 
Methyl group trans to hydrogen on nitrogen. 
[lJ Y. S. Li. M. D. Harmony, D. HayeR. and E. T.. Beeson. Jr .• J. 




C, conformation confirmed; 'see cYc!opropylamine. 
[lJ 1. A. Dinsmore, C. O. Britt, and J. E. Boggs, J. Chern. Phys. 54, 
915 (1971). 
J. Phys. Chem. Ref. Data, Vol. 8, No.3, 1979 












• C, is methylene carbon. 
Propane. 
Angle Substitution 
CCC 112.4 B 
H,eH" 106.1 A 
HaCHa 107.3 C 
li.CH. 108.1 C 
CCH. 1l1.8C 
CCHa 110.6 C 
b H. and H. are in-plane and out-of·plane, respectively. 
[IJ D. R. Lide, Jr., J. Chern. Phys. 33, 1514 (1960). 
frans-Ethyl methylether 
CaHsO c. 
Bond substItution Angle SubstItutIOn 
CIC, 1.520 B C,OC 3 111.8 C 
C,O 1.404 C CIC,O 108.2C 
C,O 1.415 C HC2H 107.2 B 
C2B 1.101 B C,C,H 110.9 B 
C,H. 1.084 C OC,H, 107.713 
C,Ha 1.100 13 OC,H. 111.0C 
CIH. 1.039 C If.CaIL 108.4 13 
CIH, 1.092 B C,CIH, 110.5 B 
C2ClHa 110.1 B 
H.CIHa 108.6 B 
[IJ M. Hayashi and K. Kuwada, J. Mol. Struct. 28, 147 (1975) . 
n-t'ropyl Alcohol 
Both trans and gauche forms exist. Insufficient data for structural 
determination. 
[IJ 1. M. Imanov, A. A. Abdurakhmanov and R. A. Ragimova, Opt. 
and Spectrosc. 25, :'28 tIYtitl). 
T2J A. A. Abdurakhmanov, R. A. Ragimova and L. M. Imanov, Opt. 
and Spectrosc. 26, 75 (1969). 
J. Phys. Chern. Ref. Dala, Vol. 8, No.3, 1979 
2-Methoxyethanol 
CH,-O-CH,-CH,-OH 
Conformation has been shown to be gauche about each of the 
CH,O-C, C-C and C-OH bonds. 




CAs 1.959 D 
Assumptions concerning angle CAsC and methyl group parameters 
have a relatively small effect upon the CAs distance. 
[lJ D. R. Lide, Spectrochim. Acta, 1959, 473 (1959). 
Trimethylamine-Boron Trifluoride 
C3H,BF,N (CH3),NBF, Ca. 
Bond Substitution 
BN 1.636 B 







Substitution Effective Angle 





• Methyl group parameters were assumed to obtain this parameter. 






Substitution Effective Angle 




Methyl group parameters were assumed (CH = L095, HCH = 
109.5) to obtain effective parameters. 
[lJ J. R. Durig and K. 1. Hellams, J. Mol. Struct. 29, 349 (1975). 
















Methyl group parameters were assumed in order to obtain the other 
parameters. 








Isotopic substitution showed conclusively that amino group 
occupied the trans symmetrical position. 
[IJ S. C. Mehrota, L. 1. Griffin, C. O. Britt and J. E. Boggs, J. Mol. 
·Spectrosc. M, 244 (1977). 
Trimethylamine 
ClH9N (CHahN Ca. 










The H.H, distance was assumed to he 1.7668 





• HI lies in plane of symmetry; H2 and Ha are symmetrically 
situated out of plane. 
[IJ J. E. Wollrab and V. W. Laurie, J. Chern. Phys. 51, 1580 (1969). 
[2J D. R. Lide, Jr., and D. E. Mann, J. Chern. Phys. 28, 572 (1958). 
l-Amino-2-propanol 
The microwave data were consistent with an intramolecularly 
hydrogen-honded conformation as shown. 
[1:; K. M. Marstokk and H. Mollendal, J. Mol. Struct. 35, 57 (1976). 
Trimethylphosphine 
C3H~P (CHs)aP Csv 
Bond Substitution Effective Angle Effective 
CH.· 1.112 D PCH, 111.4D 
CH." 1.090 D PCH. 109.8 D 
PC 1.843 C HeCH• 108.2 D 
H.CH., 109.4 D 
CPC YlLY C 
• s refers to in plane, a to out of plane. 







Substitution Effective Angle 




• Methyl group parameters were assumed to obtain these 
parameters. 
[lJ J. R. Durig, M. M. Chen, Y. S. I.i, and J. B. Turner, J. Phys . 
Chern. 77, 227 (1973). 
Trimethylsilane 
CaHIOSi (CHa),SiH Cav 











The methyl groups are staggered with respect to the SiH bond, 
and have been assumed to be symmetric about the SiC bond. 
[IJ 1. Pierce and D. H. Petersen, J. Chem. Phys. 33, 907 (1960). 
J. Phys. Chem. Ref. Dala, Vol. 8, No.3, 1979 


















[lJ P. Cassoux, R. L. Kuczkowski, P. S. Bryan, and R. C. Taylor, 
Inorg. Chern. 14, 126 (1975;'. 
[2J J. R. Durig, Y. S. Li, and J. Odorn, J. Mol. Struct. ]6, 443 
(1973) . 




Bond Substitution Effective I Angle Substitution Effective 
PBs 1.901 D CPC' 105.0 C 
PC' 1.819 D HCH' 109.3D 
CHn 1.08 D HEH 113.5 C 
BH 1.212 D 
'In order to obtain these paramet~rs, symmetrical CHa groups 
a.nd the H .. ~ -H diatance in the methyl groups were assumed, 









[lJ T. Bjorvatten, J. Mol. Struct. 20, 75 (1974). 








In order to calculate the structure it was necessary to assume the 
C==C bond distance. The structural parameters listed above are rated 
X because of the uncertainty arising from this assumption. 
[lJ J. H. Callomon and B. P. Stoicheff, Can. J. Phys. 35, 373 (1957). 
l,l,1-Triflu ... r .... 2.butyne 
C.HaF, F ,C( 1)-C<2)==C(3)-C\4)Ha 
Bond Substitution Effective Angle .i!:flective 
CF 1.340 D HCH 108.5 D 
CO)O'; 1.455 D FCF 106.1 D 
C( 21O') 1.189 D 
C(')G<') 1.455 B 
CH 1.097" 
C( 1)02 ) distance assumed to be same as C(')C(') distance . 
• Assumed value. 
C,. 
[lJ B. Bak, D. Christensen, 1. Hansen-Nygaard and E. Tannenbaum, 




Molecular symmetry confirmed. 





In order to derive the czca bond distance it was necessary to 
assume HClI, C'C4, and C1H. Because of the assumptions an estimate 
of the uncertaintv in e'c, can not be derived. 
(1] B. P. SWich~ff, Can. J. Phys. 35, 83'7 (1957). 
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Trifluoroacetic Acid-Monofluoroacetic Acid Dimer 
CF 3CO,H' CFH,CO,H 
Bond Effective 
0···0 2.69 X 




Bond Substitution Angle Substitution 
NN 1.330 A NNC 119.0E 
NC 1.353 E NCe 123.7 E 
CaC~ 1.382 E cec 117.3 E 
C,C5 1.375 A 
[lJ W. Werner, H. Dreizler, and H. D. Rudolph, Z. Naturforsch. 





















[IJ B. Bak, D. Christensen, W. B. Dixon, L. Harisen.Nygaard", 










1. 714. B CSC 
1.369 B SC,C, 
1.423 B C,C.c, 
1.078 B SCH 








[IJ B. Bak, D. Christensen, 1. Hansen.Nygaard and J. Rastrup. 
Andersen, J. Mol. Spectrosc. 7, 58 (1961). 
[2J B. Bak, D. Christensen, J. Rastrup.Andersen and E. Tannen· 
baum, J. Chern. Phys. 25, 892 (1956). 
S .. I .. noph .. n .. 
C.H,Se C,. 
Bond Substitution Angle Substitution 
SeC, 1.855 A CsSeC. 87.8 B 
C2Ca 1.369 B SeC,C, 111.6 B 
CaC. 1.433 B C,CaC, 114.6 B 
C,H 1.070 B SeCJI, 121.7 B 
CaH 1.079 B C.CaHa 122.9 B 
[lJ N. M. Posdeev, O. B. Akulinin, A. A. Shapkin and N. N. Mag· 
desieva, J. Struct. Chern. 11, 804 (1970). 
J. Phys. Chem. Ref. Data, Vol. 8, No.3, 1979 
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l-Chloro-2-butyne 
C,H.CI C]}hC-C=C-CH 3 
Bond Effective Angle 
CH' l.1l0' HCH' 
CHb l.090' HCHl' 
C==C 1.207' CCCI 
CC" 1.458 X 
CO 1.460 X 
eCI 1. 798 X 
• Refers to CHg portion of molecule. 
b Refers to CH,CI portion of molecule. 






[lJ V. W. Laurie and D. R. Lide, J. Chern. Phys. 31, 939 (1959). 
Cyclopropanecarbox'ylic acid chloride 
(r.,H,)r.Or.l r:. 
The COC! group bisects the ring plane and has the CI atom cis to 
the ring hydrogen. 
[lJ K. P. R. Nair and J. E. Boggs, J. Mol. Siruct. 33, 45 (1976). 
Tritluoroacetic Acid-Acetic Acid Dimer 
Bond Effective 
0···0 2.67 X 




Two rotational isomers, "cis" and "gauche" were identified. No 
further structural analyses were performed. 
[lJ K. V. 1. N. Sastry, V. M. Hao and S. C. Dass, Can. J. Physics 
46, 959 (1968). 











[lJ H. Pearson, Jr., A. Ghoplin and V. W. Laurie, J. Chern. Phys. 
62 4859 (1975). 
Pyrrolo 
G,H"N G2v 
Bond Substitution Angle Substitution 
NC 1.370 B GNC 109.8 B 
G,G, 1.382 B NeG 107.7 B 
G,C, 1. 417 B cce 107.4 B 
NH 0.996 B HC,Ca 127.1 B 
G,H 1.076 B HC1C, 130.7 B 
G,II 1.077 B 
[lJ 1. Nygaard, J. T. Nielsen, 1. Kirchheiner, G. Maltesen, J. 
Rastrup.Andersen and G. O. Sorenson, J. Mol. Struct. 3, 
491 (1969). 
[2J B. Bak, D. Christensen, 1. Hansen and J. Rastrup.Andersen, 
J. Chern. Phys. 24, 720 (1956).' 





Bond Substitution Angle 
C,C8 1.4097 B CIC,C. 
C.Ca 1.498 B C1C,C 3 
C.H9 1.093 C C,CsC, 
C.H7 1.093 C HCH 














The dihedral angle between the heavy atom planes is 121.7°. 
[lJ K. W. Cox and M. D. Harmony, ). Chern. Phys. 50, 1976 
(1969). 
[2J M. D. Harmony and K. W. Cox, J. Amer. Chern. Soc. 88, 5049 
(1966) . 
frans-l,3-Butadiene 
Bond Effective· Angle Effective 
1.464 X 123.2 X 
Because of the assumptions required to derive the above struc-
tural parameters, the uncertaintIes are dilhcult to .evaluate. 
[1J A. R. H. Cole, G. M. Mohay and G. A. Osborne, Spectrochim. 
Acta 23A, 909 (1967). 
[2J D. J. Marais, N. Sheppard and B. P. Stoicheff, Tetrahedron 
17, 163 (1962). 
Cyclobutene 
C •• 
. Bond Substitution Angle Substitution 
1.342 B C1C,Ca 94.2 B 
1.517 B C.CsC, 85.8 B 
1.566 B HC,C. 133.5 B 
1.083 R HC3H 109.2 B 
1. 09'~ B HCaC, 114.5 B 
",. 135.8 B 
• Angle between bisector of HCH and C,C. bond. 
[lJ B. Bak, J. J. Led, L. Nygaard, J. Rastrup.Andersen and G. O. 
Sorensen, J. Mol. Struet . .3, 369 (1969). 
Methylenecyclopropane 
Bond Substitution Effective Angle Substitution Effective 
C1C. 1.332 B CaC.c'1 63.9 B 
C2C. 1.457 B HC,H 114.3 D 
. CaC. 1.542 A HC,H 113.5 D 
C,f! l.088· . "b 29.2 D 
C,R 1.09 D 
Hydrogen parameters based upon assumed value of C,H. 
• Assumed value. . 
h Angle between HC,H bisector and CaC, bond axis. 
[lJ V. W. Laurie and W. M. Stigliani. J. Am. Chern. Soc. 92. 1485 
(1970). . . 
J. Phys. Chem. Ref. Data, Vol. 8, No.3, 1979 

















Above structure was that obtained by choosing the positive sign 
for small C. (and C5) c coordinates. The other choice leads to a less 
reasonable'BIC. distance. 






• Assumed values used for all other structural parameters. 
C. 
[lJ M. Suzuki and K. Kozima, Bull. Chem. Soc. Japan 42, 2185 
(1969) . 








Observed molecular conformation was gauche, with evidence for 
an intramolecular hydrogen bond. 
[IJ L. D. Szal.moki and R. G. Ford, 1. Mol. Spcctrooc. 64, 118 
(1975). 
J. Phys. Chern. Ref. Dala, Vol. 8, No.3, 1979 
Cyclobutanone 
C,H.O C •• 
Bond Substitution Angle Substitution 
CIC, 1.529 B C,CIG, 93.0 B 
C,C3 1.556 B CIClC 3 88.1 B 
CO 1.204 C C.C,C. 90.8 B 
C.H 1.099 B HC,H 109.2C 
Th" Hf:?H group is tilted toward the carbonyl group by 4.6 0 
(C). 
[1] W. M. Stigliani and V. W. Laurie, J. Mol. Spectrosc. 62, 85 
(1976) . 




Rond Substitution Effective Angle Substitution Effective 
cn, 1.088 C CIC,C 3 120.6X 
CH. 1.093 B CCH. 111.5X 
CO 1.171 CCH. 110.6 X 
C'C2 1.300 X i HaCH. 107.3 C 
C~C3 1.514 X ! H.eH. 108.3 C 
CO bond length was fixed at value reported for ketene. 
[1] K. P. R. Nair, H. D. Rudolph, and H. Dreizler, J. Mol. Spectrosc .. 




The molecule was shown to exist in the trans conformation relative 
to the CC single bond. 
[l] T. Ikeda, K. V. 1. N. Sastry and R. F. Curl, Jr., J. Mol. Spectrosc. 
56, 411 (1975). 
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Ethaxyethyne 
c. 
The spectrum of the anti conformation, shown above, is consistent 
with a planar heavy·atom skeleton. A less stable gauche form, having 
a dihedral angle about the CO bond of 108° (X), was also observed. 
[1J A. Bjorseth, J. Mol. Struct. 20, 61 (197'~). 
3-Methoxy-l-propyne 
(Methylpropargyl ether) 
The observed stable molecular conformation was gauche with 
.P .• p""t tro thA ro hnnil, thp. TPpnrM,l ilihAilral onglA hfling 68° (0° 
;" syn oonformation). 





Analysis of ground and excited states of the ring-puckering. vi-
bration indicated a planar heavy-atom equilibrium structure. 





• Assumed values used for all other structural parameters. 
[lJ M. Suzuki and K. Kozima, J. MoL Spectrosc. 38, 314 (1971). 
C. 
Methyl vinyl ketone 
C,HsO C. 
Observed conformation is that with the carbonyl trans to the vinyl 
group. 
[1J P. D. Foster, V. M. Rao and R. F. Curl, Jr., 1. Chern. Phys .. 











Suhstitu tion Angle 
1.460B HCili 
1.550 B HC 3H 
1.470 C C2OC5 
1.416 C CzCsO 
1.447 C CaCsC4 
1.086 B CSC3C4 
1.080 C HC,C; 



















[IJ W. D. SJafer, A. D. English, D. O. Harris, D. F. Shellhamer. 




The twist (half-chair) conformation was reliably established . 
[lJ J. A. Wells and T. B. Malloy, Jr., J. Chern; Phys. 60, 2132 
(1974). 
J. Phys. Chem. Ref. Data, Vol. 8, No.3, 1979 
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Ethylthioethyne 
C,HsS 
The observed spectrum was consistent only with the methyl 
group occupying a gauche conformation, 119° (X) from the anti 
position. 
[lJ A. Bjorseth, J. Mol. siruct. 23, 1 (1974). 
Bromocyclobutane 
H H H ~Br ;~: ' 
I I 
CHzCII.ClI2CHBr C, 
Ring is puckered with a dihedral angle of approximately 29°. 
.only the equatorial form was observed. 




Bond Effective Angle F.ffp.p.ti,r~ 
C,CI 1. 775 D HCCI 114D 
C,C, 1.525 D C,C,C, 91 D 
C.C, 1.550 D HC2H 112D 
C,H 1.10 D HCaII 1I0D 
C,H 1.09 D HC,C, 114D 
CaH 1.10 D 
ring 
dihedral 20 Il 
CCI with 
C,C,C, plane 135 0 
CH, groups were assumed to bisect ring angles. Only equatorial 
Cl observed. 
[lJ H. Kim and W. D. Gwinn, J. Chem. Phys. 44,865 (1966). 
J. Phys. Chem. Ref. Data, Vol. 8, No.3, 1979 
C,B. C, 
Bond Effective Angle Effective 
e,C, 1.336 D C,C,C, 126.7 D 
C,C3 1.507 D C,CaC, 114.8 D 
CaC, 1.536 D HC 2Ca 115.1 D 
HC,C. llO.4 D 
HC 3H 105.2 D 
CH bond lengths were assumed. HCaH was assumed to bisect 
C,CaC,. The skew form was also observed. See the following . 
[1J S. Kondo, E. Hirota, Y. Morino, J. MuL SI'~"tJu~". 28, 471 
(1968) . 
skew-l·Butene 
C,H. C lH.=C'HcaH,C'H 3 C, 
Roncl Effective Anglo Effccti;'c 
C'C' 1.342 D CIC'C' 125.4 C 
OC' 1.493 D c'c'e' 112.1 C 
(2C' 1.536 D dihedral' 119.9 C 
HC'C' 117.1 E 
HC'C' llO.3 D 
HC3H 105.7 D 
CH bond lengtbs were assumed. The cis form was also observed. 
See the preceding. 
• Angle hetwp.p.n ~,~.~, "nd C,CoC. pl~n"". 




Bond Effective Angle Effective 
CC 1.497 D CCC 126.7 D 
A number of structural parameters were assumed. 
[lJ S. Koudo, Y. Sakurai, E. Hirota, and Y. Morino, 1. Mol. Spec> 
fro.r .. 34., n1 (1970). 




Bond Effective Angle Effective 
CC 1.558 C ring dihedral 35 E 
[1J .lL C. Lord and B. P. Stoicheff, Can:. J. Phys. 40, 725 (1962). 
[2J J. M. R. Stone and 1. M. Mills, Mol. Phys. 18, 631 (1970). 
[3J F. A. Miller and R. J. Capwell, Spectrochirn. Acta 27A, 947 
(1971) . 
2-Methylpropene (Isobutylene) 
. C.Hs C2v 
Bond Substitution Angle Substitution 
C,C, 1.330 D C1C,C. 115.3 D 
e.ea 1.507 C H1C1H. 118.5 B 
C,H I 1.088 B C,C,H 3 112.9 E 
CaH., 1.072 E C,C3H, nO.7 C 
C,H. 1.095 C H.CaH. 106.0 C 
[lJ 1. H. Scharpen and V. W. Latirie, J. Chern. Phys. 39, 1732 
. (1963). 
[2J V. W. Laurie, J. Chern. Phys. 34,1516 (1961). 
Tetrahydroselenophene 
C,H.Se C, 
Bond Substitution Angle Substitution 
SeC, 1.963 B C2SeC; 90.7 B 
C,C, 1.549 B SeC,C, 104.0 B 
CaC. 1.527 B C,C3C. 106.9 C 
n" ?9 7 C 
• Twist angle formed by· intersection of CsSeC, plane and C,SeCs 
plane. 
[1J A. H. Mamleev, N. M. Pozdeev and N_ N. Magdesieva, J. Mol. 
Struct. 33, 211 (1976). . 
2-Chloro-2-methylpropane 
(Tertiary butyl chloride) 
(CH,) aCC! 
Substitu- Substitu-
Bond tion Average Angle tion Average 

















[1 J D. R. Lide and M. Jen, J. Chern. Phys. 38, 1504 (1963). 
[2J R. 1. Hilderbrandt and J. D. Wieser, J. Chern. Phys. 56, 1143 
(1972) . 
[3J W. Braun, H. Gunther, H. Umbrecht and W. Zei!, Z. Physik. 
Chern. 93, 2,H (1974). 
2-FI uoro-2-methylpropane 
(Tertiary Butyl Fluoride) 
C.H9F (c:rh)~CF Cav 
Bond Effective Angle Effective 
CF 1.43 D CCC 112.7 C 
CC 1.516 C HCn 107.9 D 
CH distance was fixed at 1.090 




Bond Substitution Effective Angle Effective 
Cav 
CN 1.115 A CGeC(N) 106.2 X . 
GeC(N) 1.947 C HCGe 111.0' 
GeC (R,) 1. 930 X 
eH 1.095' 
, Assumed values. 
[1] J- R. Durig, Y_ S. Li and J. R Turner, Inorg. Chern. 13, 1495 
(1974). 
J. Phys. Chem. Ref. Data, Vol. 8, No.3, 1979 















The parameters CC, CH and CCC were assumed to obtain CI. 
[lJ J. Q. Williams and W. Gordy, J. Chem. Phys. 18, 994 (1950). 
[2J W. Winkle and H. Hartmann, Z. Naturforsch. 25a, 840 (1970). 
Trimethylsilyl isocyanate 
C,H,NOSi (CH.) .SiNCO Ca. 
The spectral evidence is consistent with a linear or very nearly 
linear Si-N=C=O group. 
[lJ A. J. Careless, M. C. Green and H. W. Kroto, Chern. Phys. 
Lett. Hi, 414· (1972). 
TrimGthyldlylcyanide 
C,H,NSi (CH.) .SiCN Ca. 
The conventionally prepared .ample of thi. compound Wd. found 
to contain (based upon symmetric rolor spectra for each isomer) 
approximately 5% of the isocyanide (-SiNC) isomer. 
[lJ J. R. Durig, W. O. George, Y. S. Li and R. O. Carter, J. :.\101. 










Substitution Average Angle 
1.525 B 1.532 B ecc 
1.108 B 1.109 B CCH, 
1.100 D 1.083 C H.CH.· 







Average structure parameters are r z values from combined micro· 
wave·electron diffraction data. Ht refers to tertiary hydrogen, and H, 
and H. refer to the in.plane and out.of-plane atoms, respectively. 
a ThpJ;p. p:tT'~meti?rs utili2ed :,uH,;umption that methyl hydrosono 
form an equilateral triangle. 
[IJ D. R. Lide, J. Chem. Phys. 33, 1519 (1960}. 
[2J R. L. Hilderbrandt and J. D. Wieser, J. :.\101. Struct. 15, 27 
(19731. 









106 0 X 
11!'i° X 
18° X 
• Determined by fitting moments of inertia along with the as-
sumptions CGe 1.95A, CC = 1.53A, CH 1.09A, GeH 
1.53A, HCH 109°, HGeII 1110. 





Do"J tluu Errt::laiv~ Angle tion Effective 
CO 1.408 B COC 112.6 B 
CC 1.516 B acc 100.6 D 
CzH 1.100 B C,C2H 110.4 B 
C.H. 1.090 B 
C,H, 1.090 X OC2H 109.9 B 
C2C,H •. 1l0.2 B 
C.C,H, 1l0.6 D 
H.C,H, 108.1 C 
H,C,H. 108.6 C 
The b coordinate of H. was computed under the assumption that 
C.H. = C,H •. The coordinates of the methylene H atoms were 
recomputed from the reported rotational constants. 
[lJ M. Haya.hi and K. Kuwad", Bull. Chorn. Soc. Japan 47, 3006, 
1974. 
[2J M. Hayashi and K. Kuwada, Bull. Chern. Soc. Japan 44, 299 
(1971). 
STRUCTURES OF GAS-PHASE POL YA TOMle MOLECULES 711 
Methylpropyl ether 
C,HIOO (CHa) 0 (CaHt) C, 
The observed spectrum is consistent only with the trans-trans 
conformation_ 
[lJ M. Hayashi, M. Imachi, J. Nakagawa and A. Ozaki, Chern. 
CoHN 

















[lJ A. J. Alexander, H. W. Krolo and D. R. M. Walter, 1. Mol. 
Spectrosc. 62, 175 (1976). 
2,6-Difluoropyridine 
Substjtu· Substitu· 
Bond lion Effective Angle tion Effective 
NC, 1.317 B CsC,C, 119.8A 
C,Ca 1.377 C C,CaC, 116.1 A 
CaC, 1.394 A :"IC2C~ 126.5B 
Call 1.080 B C,NC. 115.0 B 
C,H 1.082 B CaC,H 120.1 B 
C2F 1.347 B C2CaH 120.8 B 
CaC,F 118.8 B 
[lJ D.1. Stiefvater, Z. Naturforsch. 30a, 1765 (1975). 
4H-Thiapyran-4-thione 
C,., 
Bond Subs'titution Angle Substitution 
1.671 B C,C,C, 117.S D 
1.759 A C1C,Ca 128.1 D 
1.406" D C2CaS 122.4 C 
1.342" D CaSCa 101.4 A 
"These parameters required that hydrogen positions be fixed 
by assumption. 
[lJ M. J. Corkill, A. P. Cox and 1. C. Ewart, J. C. S. Chern. Comm. 

























Hydrogen atoms were assumed to be coplanar with the five· 
membered ring. Also, to obtain CH substitution distance, the value 
B - C = 26.8 MHz was assumed for the monodeuterated species. 
a Distance of Be atom from plane of the five-membered ring. 
[1J A. Bjorseth, D. A. Drew, K. M. Marstokk and H. Mollendal, J. 
Mol. Struct. 13, 233 (1972). 
J. Phys. Cham. Ref. Dolo, Vol. 8, No.3, 1979 


























[lJ G. o. SOlv.fU;ClJ, L. MOl!]Cl i:l.UU N. ndz::,L1Up~Alll1t:J:::'t:'U, J. Mul. 
Struct. 20, 119 (1974). 
[2J B. Bak, 1. Hansen.~ygaard and J. Rastrup.Andersen, J. Mol. 















No information regarding the planarity of the e,R. ring system 
(i.e., coplanarity of C., H, planes) was ohtained. The CH distances 
were assumed. 
[lJ A. P. Cox and A. H. Brittain, Trans. Faraday Soc. 66, 557 
(1970) . 




















Hydrogen parameters were assumed to obtain the NO distance, 
[l] O. Snerling, C. J. Nielsen, L. Nygaard, E. J. Pedersen and G. O. 
Sorensen, J. Mol. Str.uc. 27, 205 (1975). 
CsHsNO C. 
The cis conformation was definitely established with a non·bond. 
ing 0 '" H distance of 2.592 (C). 




CC 1.43 X 
CTI 2.705 X 
CsH, moiety was assumed to be coplanar, with CH = l.080 A. 
[lJ J. K. Tyler, A. P. Cox and J. Sheridan, Nature 183,1182 (1959). 
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Cyclopenladiene 
CSH6 C2v 
Bond Substitution Angle Substitution 
C,G, 1.606 B C,C,C, 102.9 B 
C,C. 1.344 B C1C,Ca 109.28 
CaC, 1.468 B C,CaC, 109.3 B 
C1H 1.099 B HCIH 106.3 B 
C~H 1.078 B HC2C~ 127.1 B 
C3H 1.080 B HC 3Cz 126.0 B 
[lJ D. Damiani, L. Ferretti and E. GalJinelJa, Chern. Phys. Lett. 
37,2GG (1976). 
[2J L. H. Scharpen and V. W. Laurie, J. Chern. Phys. 43, 2765 
(1965). 
Bond 













The parameters for the amine group are obtained from the deu-
terium substitution along with the assumption that d (NH) = 1.00 
A and some assumptions for ring parameters. 1> is the angle between 
the HNH bisector and the CN bond. 
[lJ D. Christen, D. Norbury, D. G. Lister and P. Palmieri, J.e.s., 















The parameters for the amine group are obtained from deuterium 
substitution data along with the assumption that d (NH) = 1.00 A 
and some assumptions fol' ring parameters. q, is the angle between 
the HNH bisector and the CN bond. 
[lJ D. Christen, D. Norbury, D. G. Lister and P. Palmieri, J.C.S., 
Faraday II, 1975, 438. 
Cycl opent-2-en-l-one 
I I 
.. CH,CH,CH=CHC=O c. 
Planarity of heavy atoms has been conclusively established. 






H, / '" /H 
H---'C'2 'Cz'-- H 
'\ / IC' C, 
C5H6O 
H H C2v 
Bond Substitution Angle Substitution 
CO 1.210 A C,C IC2, 109.2 C 
CIC, 1.524 C CIC2C, 103.1 C 
C2C, 1.509 C C2C,Ca, 112.4 B 
CaCa, 1.338 B HC,H 107.3 C 
CzH 1.086 B HC,Cz 124.7 B 
Caf! 1.079 B 0" 0.0 C 
• Angle between the bisectors of the HC2H and C lC2C3 angles. 




Heavy atom planarity seems assured by the data. See structure of 
furan. 
[lJ U. Andersen and H. Dreizlcr, Z. Naturforsch. 25a, 570 (1970). 
[2J W. G. Norris and 1. C. Krisher, J. Chem. Phys. 51, 403 (1969). 
J. Phys. Chem. Ref. Data, Vol. 8, No.3, 1979 












1.536 X CICsCa 
] .556 X C,CIC, 








In order to obtain the structural parameters, the constraint 
r(C,C 3 )-r(C,e,) = 0.02 ± 0.01 A and parameters for the methyl· 
ene groups had to be assumed. 





<'1 21.4 X 
"I, 90.0 X 
<>a 13:~.0 X 
The equatorial conformation was established. 
[1J M. Y. Fang and M. D. Harmony, J. Chern. Phys. 58, 4260 
(1973). 














1.536 B CIC,H, 
1.565 B CIC,H lO 
1.528 C CaC,H, 
1.507 B C,C,H lO 
1.088 B HsC,H, 
1.090 B HsCICs 
1.082 R H,C,C, 
1.085 C a 













Redundant parameters: HSCSC 1 114.7 (C), H,CSC 1 119.0 
(B), HsC1C, 126.3 (C), }hC,Hlo 109.4 (e), 'Y 44.8 (C), 
57.3 (D). Angle {3 is the acute angle formed by the intersection 
of C.H. with the bisector of the CIC.C, angle. 
[1J 5. N. Mathur, M. D. Harmony and R. D. :'uenram, J. Chern. 
Phys. 64, 4340 (1976). 
Dimethylallene 
CsHs 
Bond Effective Angle Effective 
1.514 X 116.4 X 
Double·bond distances were fixed at the aUene value, 1.308 A; 
methyl group and vinyl hydrogen parameters were taken from 
dimethyl ketene and allene structures, respectively. 
[lJ J. Demaison and H. D. Rudolph, J. Mol. Spcctrosc. 40, 445 
(1971). 
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3-Methyl-l-butyne 
CsHs C, 
Bond Effective Angle Effective 
CM.C3 1.527 X CMeCaC2 109.6 X 
C,Ca 1.495 X CM.CeM • 112.9 X 
CIC,· 1.203 A HC1C,' 180.0 
CIH" l.058 A HeM.H" 109.5 
CM.H" 1.092 
• Assumed value. 
[lJ A. R. Mochel, A. Bj¢rseth, C. O. Britt, and J. E. Boggs, J. Mol. 
Spectrosc. 48, 107 (1973). 
Cyclopentanone 
CoHsO 
The ground state conformation isa twisted C2 form. 
[lJ H. Kim and W. D. Gwin~, J. Chern. Phys; 51, 1815 (1969). 
Pivalonitrile 





C'ca 1.478 C 














D5h symmetry was assumed in the derivation of the above bond 
distance. 




CF 1.304 X 
In order to determine To(C-F) the CC and cn bond distances 
were assum.ed ~ 




CC 1 .RQ7 X 
CH 1.084, X 
CF 1.31 X 
CCI 1.72 X 
Structure assumes ring is a regular'hexagon. 




CC 1.397 X 
CH 1.084 X 
CIT 1.329 X 
eCI .(,99 X 
Structure assumes ring is a regular hexagon. 
c. 
C. 














Ring assumed to be regular hexagon. . 
[lJ 1. Nygaard, E. R. Hansen, R. L. Hansen, J. Rastrup-Andersen, 
and G. O. Sorensen, Spectrochim. Acta 23A, 2813 (1967). 
J. Phys. Chem. Ref. Dala, Vol. 8, No.3, 1979 




CC 1.40 X 
CH 1.084 X 
CF J 31 X 
Ring .assumed to be regular hexagon. 
[lJ A. Hatta, C. Hirose, and K. Kozima, Bull. Chern. Soc. Japan 
41, lOSS (196S). 
[2J L. Nygaard, E. R. Hansen, R. Lykke. Hansen, J. Rastrup. 




O-C-CH~CH CH-CH C-O 
The observed microwave spectrum supports a planar molecule 
with the quinonoid structure. 
[lJ G. L. Blackman, R. D. Brown and A. P. Porter, J. C. S. Chern. 
CGHoBr 










Structure assumes regular hexagon. Four isotopic species stlldierl 
(no ClS species). 
[IJ E. Rosenthal and B. P. Dailey, J. Chern. Phys. 43, 2093 (1965). 























































[IJ F. Michel, H. Nery, P. Nosberger, and G. Roussy, J. Mol. Struct. 
30,4.09 (1976). 
















1.383 D C6C,C2 
1.395 D C,C2C, 
C,C3C~ 
1.354 D C,C,C, 












[IJ B. Bak, D. Christensen, L. Hansen.Nygaard, and E. Tannen-
baum, J. Chern. Phys. 26, 134 (1957). 
[2J L. Nygaard, I. Boiesen. T. Pederson. and I. Ra.trl1p_Ann"r."n, 
J. Mol. Struct. 2, 209 (1968). 










Structure assumes ring is a regular hexagon. 
5-Methylene-l,3.CyciQpQntadllllw 
(Fulvene) 





Bond Effective Angle Effective 
C:,{ 1.47 X CNO 116 X 
Ring parameters were taken to be those of benzonitrile and NO 
distance was chosen to be 1.21. 













[lJ A. Cabana, J. Bachand and J. Giguere, Can. J. Phys. 52, 1949 
(1974). 
Doml SuL~LiLuLiulJ Au!,)'" SuL:,tiluL.Ull 
CIC s 1.348 A C2C1C, 106.8 A 
C,C2 1.468 A C1C2C3 107.7 A 
C2C3 1.357 A C2C3C, 108.9 A 
C,C, 1.476 A C,C2H 124.9 A 
C2H 1.077 A C2CsH 126.4 A 
c:,H 1.080 A H,i":.H. 118.1 A 
C,H, 1.083 A 
[1J P. A. Baron" R. D. Brown,F. R. Burden, P. J. Domaille and 
J. E. Kent, J. Mol. Spcctrooc. 43, 401 (1972). 














1.452 A ". 
1.529 B C.C 1H7 
1.503 C C2C,H, 
1.339 A C,C,H, 
1.078 A CaC2lL 
1.082 A C,CaH, 
1.070 A C,C,II, 
C,C.C. 











[lJ It. D. ~uenram and M. D. Harmony, J. Amer. Chern. Soc. 'J5, 
4506 (1973). 
J. Phys. Chem. Ref. Data, Vol. 8, No.3. 1979 
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Phenol 
CeH60 
Bond Effective Substitution 
CC 1.397 X 
C,H 1.084 X 
C3H 1.076 X 
C.H 1.082 X 
CO 1.364- X 
OH 0.956 X 
Assumed: 







C, axis of benzene ring coincides with the b principal axis. 
C"Hlcr vf mu •• uf OH group lies on the b axis. 
[lJ T. Kojima, J. Phys. Soc. Japan 15, 284 (1960). 
C. 
[2J H. Forest and B. P. Dailey, J. Chem. Phy •. 45, 1736 (1966). 
[3J T. Pederson, M. W. Larsen and 1. Nygaard, J. Mol. Struct. 4, 
.59 (1969). 
Thiophenol 
C6H6S C6H"SH c, 
Data are consistent with planarity. 
[lJ K. 1. Johansson, H. Oldeberg and H. Selen, Arkiv. Fysik. 33, 
313 (1967). 
J. Phys. Chem. Ref. Dala, Vol. 8, No.3, 1979 
Aniline 
C, 
Bond Substitution Angle Substitution 
1.001 D HrNH r 113.1 D 
1.402 B CeC,C, 119.4. A 
1.397 B C,C,C3 120.1 A 
1.39·1. B HC,C 3 120.1 A 
1.396 B C,C.C, 120.7 A 
1.082 B HC3C, 119.4 A 
1.08?, B C3C.,C, 118.9 A 
1.080 B 
The C.!-I5N fragment is essentially planar. The dihedral angle 
between the NH, and C.H5N planes is 37..'5·. 
[lJ D. G. Lister, J. K. Tyler, J. H. Hog, and N. W. Larsen, J. Mol. 
Struet. 23,253 (1974). 




The ring is non.planar with the CN group in the equatorial posi. 
tion. 
[lJ J. R. Durig, Y. S. Li, M. D. Harmony and M. Y. Fong, J. Mol. 
Struet.23, 377 (1974). 
Bicyclo[2.1.1 ]hex-2-ene 
C6H. C,. 
Bond Substitution Angle Substitution 
C,C, 1.528 B C,C,C, 103.3 C 
G2G, 1.341 B G"C,G, 10O.4G 
G,C5 1.568 B C5C,C 6 85.3 G 
C,C,C, 81.4 C 
0" 126.7 C 
• Dihedral angle formed by intersection of C.C5G, and C'C 6C, 
planes. 
[lJ G. S. Wang and M. D. Harmony, J. Am. Chern. Soc. 93, 1976. 





T 17.5 X 
,. ;0 tho toroionul unSI" botweon the two double bondo. 




Bond lion Effective Angle lion Effective 
C,C2 1.513 B 1. 51B C H,CaHI0 1l0.2 C nO.7 C 
C,C, 1.584 B 1.589 C C,C.H I [ 126.4 B 126.5 B 
C2G3 1.523 B 1.527 B CaC,H ll 120.9 B 120.9 B 
C2C~ 1.533 B 1.541 C C,C ,H7 134.6 B 134.5 B 
CaC, 1.51·9 B 1.553 B C,C,H, 131. 9 B 131.8 B 
C,II, 1.079 C 1.077 C C,C,IIs 127.4 D 127.4 B 
C,H, 1.082 C 1.080 C C.CJIs 120.6 B 120.5 B 
CaH9 1.099 C 1.098 C C.C,lIs 12B.4 B 128.6 B 
C,lIto 1.087 C 1.090 C CIC,C3 91.8 B 
C.H" 1.036 C 1.036 C C.C,C. 86.2 A 
C3C,C, 8B.2 A 
C.C,C, 85.4 A 
C1C2C. 59.6 A 
C,C,C. 60.9 A 
[lJ R. D. Suenram, J. Amer. Chern. Soc. 97, 4869 (1975). 
l-Chloro-3,3-dimethyl-l-butyne 
(Tertiary Butyl Chloroacetylene) 
Bond Substitution Effective 
C'CI 1.638 B 
Cl· .. C' 2.671 B 
C[C'· 1.47 X 1.47 D 
& r(ClC') calculated assuming r(C'C') is 1.205 A. 
[IJ H. Bodenseh, R. Gegenheimer, J. Mennicke and W. Zeil, Z. 
Naturforsch. 22A, 523 (1967). 
Cyclohexene 
C, 
Stark effect data and rotational constants are consistent with 
"half-chair" form (C, symmetry) for the molecule. Data are insuffi-
cient for structure determination. 
[lJ L. H. Scharpen, J. E. Wollrab, and D. P. Ames, lChem. Phys. 









(C") II,) ,C(')-C(»""",C(l)II 
Substitution Angle 







[1j 1. J. Nugent, D. E. Mann and D. R. Lide, Jr., J. Chern. Phys. 
36, 965 (1962). 
1,1-Difluorocyclohexane 
C. 
The microwave data show that the molecule adopts the chair 
conformation. 
[lJ D. Damiani and L. Ferretti, Chem. Phys. Lett. 24, 357 (1974). 
Cyclohexanone 
c. 
Rotational constants of assigned transitions arc for the "chair" 
form. 
[lJ Y. Ohnishi and K. Kozima, Bull. Chern. Soc. Japan 41, 1323 
(1968). 
J. Phys. Chem. Ref. Data, Vol. 8, No.3, 1979 
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7-0xabicyclo[2.2.1 ]heptane 
C'v 
Bond Substitution Effective Angle Substitution 
C,C2 1.537 B C,C,C3 101.2 B 
C,C 3 1.551 B C,C,C o 109.9 B 
C,O 1.4-52 C 
Hydrogen parameters were assumed to obtain the CO distance. 
[lJ R. A. Creswell, 1. Mol. Spectrosc. 56, 133 (1975). 
Fluorocyclohexane 
C. 
Insufficient data available for structure determination. Both 
axial and equatorial conformers observed. Ground vibrational state 
of equatorial form is more stable by 259 ± 28 cal/mol. 




Bond Effective Angle Effective 
CC 1.535 X HCH 110.0 X 
Conformation is the chair form. 
[lJ R. A. Peters, W. J. Walker and A. Weber, J. Raman Spectrosc. 





CF 1.321 X 
In order to obtain the CF bond distance it was necessary La as-
sume the CC distance. 
[lJ J. Schlupf and A. Weber, J. Raman. Spectrosc. 1, 3 (1973). 
J. Phy •• Chern. Ref. Data, Vol. 8, No.3, 1979 
Benxonitrile 
C;H"N C,y 
Bond Substitution Angle Substitution 
CtC, 1 388 C C.C,C, 121.8 C 
C,C, 1.396 C C1C,Ca 119.0B 
CaC, 1.397 B C,C,C, 120.1 A 
C,C; 1.451 B C3C,C; 120.1 A 
C;N 1.158 A CaC!H 120.4 C 
C2H 1.080 C C,C,H 120.0 A 
CaB 1.082 B 
C,H 1.080 A 
[1J J. Casado, L. Nygaard, and G. O. S¢rensen, J. Mol. Struct. 
8, 211 (1971). 
~2J B. Bak, D. Christensen, W. B. Dixon, L. Hansen-Nygaard, and 




The microwave data indicate a planar structure with a non-linear 
C-N=C=O moiety. 





o .. , 11 1.76 C 
[lJ H. Jones and R. F. Curl, Jr., J. Mol. Spectrosc. 42, 65 (1972). 












H C/ ."- 2 




1. 763' CIC,C7 
1.538 D C7C.C3 
1.525 D CIC7C. 







• This distance was assumed with an uncertainty of ±0.003 
in order to determine the C. substitution coordinate. 


















1.Bilil C C.C,f: , 
1.396 D C lC2C3 
C2C3C, 








Ring CH parameters were assumed for calculation of effective 
bond distances and angles. 
[lJ A. P. Cox, 1. C. Ewart, and W. M. Stigliani, J. Chern. Soc. 
Faraday Trans. II. 71, 504 (1975). 
CsHs 
7 .MethyINw.' ,J ,!>-r. ydoll<~p'Cllril'lw 
(1-II)pt(rfulvllIl<' ) 
The olJserved lIli('rn\\ :,\ (' "<JII"/'II \I III I'll}: !!llIH'd llir pL~lI.d 
formation. 
[lJ A. Bauo"f, C. K..II..,. "flli \1. .\"\II'W"·I.", ,,'1<1,", ). \1,,1. ~lwl;­

















1.509 X C,C 1C" 
1.414 X C2C 1CI , 
1.394 X C1C2H 
1.072 X CzCsH 

















Bond Substitution Effective 
CN 1.159 A 
CC 1.543 X 
CC(N) 1.466 X 
CII 1.09' 
All CC hands were assumed to be equal. 








[lJ D. Chadwick, A. C. Legon and D. J. Millen, J. Chern. Soc. 
Faraday Trans. 68, 2064 (1972). 
J. Phys. Chern. Ref. DaICl, Vol. 8, No.3, 1979 
